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New ‘Quik-Trik’ Cable Connectors by Jackson 


New Neoprene rubber insulators, strongly built around steel sleeves, have 
tapered ends to stretch over the welding cable snugly. They lock out moisture, 
oil and dirt, don’t catch against obstructions. 

Economical to install. No capital equipment is needed, no time consuming 
vulcanizing. Simply loosen an Allen screw, slide off the insulator and slip it 
over the cable end. Then connect the cable as usual, either mechanically or by 
soldering or brazing. Slide back the insulator and tighten. 

Model 2/0-R, as illustrated, takes cables 1/0 and 2/0, mechanical, soldered 
or brazed connection. 

Model 4/0-R takes cables 3/0 and 4/0, soldered or brazed connection only. 
Section BR (male) of model 2/0-R can be used with section AR (female) of 
model 4/0-R where the use of different sizes of cables may be desired. 


SECTION ‘AR’ SECTION ‘ 


mended for use with the 2/0 and 4/0 Quik- 


Really ‘Quik-Trik’ 


For a quickly detachable connection, there 
never was a better metal-to-metal contact 
than is provided by these smoothly machined 
tapers drawn tightly together. And now, 
these new Neoprene insulators are tapered 
together in the same way. With a twist of 
the hand, a steel locking bar rides a cam to 
lock the sections together. 

Always fasten section AR (female) to the 
cable leading from the machine. The live 
cable end is then well insulated even when 
detached from section BR (male). 

The new Neoprene insulators are recom- 


Trik Connectors now in service. 

CHECK NOW. Look over your welding 
cables for costly current leaks and make- 
shift connections. You’ll be money ahead by 
having Jackson’s Ground Clamps, Cable 
Connectors, Splicers and Lugs stand guard 
against power losses and accidents all along 
your cable lines. 


Jackson Products 


WARREN MICHIGAN 
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WELDS} 


Anywhere. 
Construction 
Maintenance 

Repair 


POWER 


to run 
Tools, Lights, 
Motors 


Remote 
Control 


Built-in 
Idling Device 


110/220 Volt 
Outlets 


— 


. and many 
j other convenience 
Building Cam “extras” 
| 


HOBART :::; WELDERS 


A size and type to meet every welding need 


4 OF Lal =", 

Engine 


(1) Water Cooled (2) Air Cooled (3) AC Weld/AC Power 


HOBART’S NEW All-Position 
Iron Powder Electrode 


Now you can get faster welding 


with the new electrode that has Nam 
the ability to weld with higher : 
heats. Requires no special tech- ron 
nique and lets you get up to 30% ; 
Address 


higher deposition. Be sure to try 


this Hobart “ROCKET 14 


Would also like 


No more delays waiting on outside help for 
welding or power to run tools, lights, motors, 
ete or the extra cost of getting jobs done. 

With this new Hobart, you can have your 
own welder, power combination and use your 
own men to do the work right on the job 

This self-starting Hobart Welder is easy 
to use and ready on a moment’s notice to 
go to work for you on building construction, 
temporary contract work or on those RUSH 
jobs. Speeds production on all types of metal 
fabrication and eliminates costly delays and 
expensive replacement parts on maintenance 
and repairs 

There’s always work that calls for weld- 
ing and there is always more profit in the 
jobs when you do your own welding. 

Why not get the latest information on this 
new type welder no obligation. Simply 
write Hopart BrorHers Co., Box WJ-{7 
Troy, Ohio, or ‘phone FE 2-1223 


world’s largest builders of arc welding equipment.’ 


HOBART BROTHERS CO., BOX WJ-97, TROY, OHIO 

Without obligation—send complete information on the new 
HOBART WELDE R-POWER COMBINATION 
details on l 2 ) } ) ‘ a) 


IRON POWDER ELECTRODES 
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would you like to know more about this important question .. . 


how does a regulator work? 


Your oxygen regulator tames a cylinder pressure 
which may exceed 2200 p. s. i.; it must do so con- 
sistently, reliably and safely. 


Just how does so sensitive an instrument, so sturdy 
a regulator, work — what is pressure anyway — 
wherein lies the difference between a pressure 
gauge and a tubular flowmeter — when would you 
select a single and when a two-stage reduction reg- 
ulator — and wherein lies their difference? 


On what basis do you select a regulator to meet 
specific requirements of low or very high delivery 
pressures, or minute or very vast volume of flow? 


If you have asked yourself these and similar ques- 
tions about pressure, about the measuring of flow, 
about all of the many problems your regulator must 
solve for you, write for this new, FREE National 
regulator booklet today. 


| NATIONAL WELDING EQUIPMENT CO. 

218 Fremont Street, San Francisco 5, Calif. 

Please send FREE ‘Regulator’ booklet. 
NAME 


POSITION 


cITY__ STATE 
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| 
| 
| 
| 


Please print to make sure you receive your copy. 


All NA welding equipMENT COMPONY... 21 sremont street san francisco 5 californie 
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If You Use Resistance Welding... 


Take A Tip From Mallory 


Mallory resistance welding electrodes are avail- 
able in the widest variety of stock sizes and shapes 
to be found anywhere. Many of the Mallory 
standards can actually eliminate the need for 
costly special electrodes. Constant Mallory re- 
search and pioneer background in the field of 
alloys continues to contribute increased life and 
better performance to a growing number of diversi- 
fied users. 


is a product of a large and well 
rounded stock of standard electrodes. Mallory’s 
diversified stock enables changeover and re- 
placement units to be shipped to you on short 
notice. 
are your benefit—brought about 
by the broad line of standard electrodes which 
often eliminate custom-built costs; and by 
Mallory’s continuous effort to increase life and 
improve performance. 


of Mallory stock designs minimizes 
down time when machines are being converted 
to another service. Mallory’s precision manu- 
facturing holds dimensions to close tolerances, 
assuring complete interchangeability. 
of Mallory standard 
electrodes gives you performance dependabil- 
ity. You can count on Mallory for correct tap- 
ers, water tight connections, and smooth, sym- 
metrical point forms. Every Mallory electrode 
is 100% inspected to insure consistently uni- 
form, dependable service. 


Write for your complete resistance welding catalog 
—NOW. 


Expect more...get more from 


In Canada, made and sold by Johnson Matthey and Mallory, Ltd. 


110 Industry Street, Toronto 15, Ontario PR. MALLORY & CQ inc. 
Serving Industry with These Products: 
Electromechanical — Resistors Switches Tuning Devices Vibrators 
Electrochemical — Capacitors © Mercury and Zinc-Carbon Batteries 


Metallurgical — Contacts © Special Metals © Welding Materials - 
P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 


For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 
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Unsurpassed in design, 


construction, and 
performance. 


SOO 


‘and still preferred 


OXWELD 


Trade-Mark 


a / W-17 blowpipe 


For over 25 years the OXWELD W-17 has built its own 
reputation for dependability. Year in, year out—around the 
clock on the toughest jobs—the W-17 just won’t quit. 

That’s one reason why the OXWELD W-17 is still preferred 
by those who know welding apparatus. And that’s why 
more W-17’s are serving American industry today than any 
other welding blowpipe. 

Call your nearby LINDE representative for a demonstra- 
tion—or write for free booklet F-1007. 


LINDE COMPANY 


DIVISION OF CORPORATION 


30 East 42nd Street, New York 17, N. Y. 


In Canada’ LINDE COMPANY, Division of Union Carbide Canada Limited, Toronto 


“Linde,” “Oxweld," and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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Pure Nickel inner shell of 600-gallon steam jacketed kettle welded metal arc process and double “V” butt type welds. Fabricated by 
with Inco “61"* Nickel Filler Wire using consumable inert gas Toronto Coppersmithing Company, Limited, Toronto, Ontario. 


For inert gas welding of high nickel alloys 
simplify your job with specific Inco wires 


ms Choose from this full line of wires and rods: Inco “Sixty” series filler wires are 

produced in three diameters: 

For Monel* nickel-copper alloy—use Inco ‘‘60”’ Monel Filler Wire 035”, .045”, and .062” and sup- 

and Rod plied on disposable spools for the 

consumable electrode process. 

For Inconel* nickel-chromium alloy— use Inco “62” Inconel Filler “Sixty” series rods are produced 

Wire and Rod in five diameters: 1/16”, 3 32”, 

1/8”, 5/32”, and 3/16” and sup- 

For “K” Monel* age-hardenable nickel-copper alloy—use Inco plied in 36-inch cut lengths for 
64" ““K"’ Monel Filler Wire and Rod the tungsten electrode process. 

For a complete list of Inco weld- 

For Inconel “X”* age-hardenable nickel-chromium alloy—use ing products including specifica- 

Inco “69” Inconel ‘‘X”’ Filler Wire and Rod tion data and recommended uses, 

For Nimonic nickel-chromium alloys—use Inco Nimonic* Filler 

Wire and Rod The International Nickel Company, Inc. 

For 70 30,80 20,90 10 copper-nickel—use Inco ‘‘67'’* 70/30 7 Wall Strest =». New York 5, N.Y. 

Copper- Nickel Filler Wire and Rod Keo Welding Products 
Electrodes * Wires Fluxes 


And remember: when you buy Inco Nickel you also get Help, Field Information Centers, Convenient Sales 
Inco + Services. Among them are included Fabrication & Corrosion Service and Technical Publications. 
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WE MOVE WITH CONFIDENCE 


The AMERICAN WELDING SocteTy was founded some thirty- 
eight years ago as an agency for coordinating welding activities, 
and for assembling and distributing knowledge relating to welding. 
Since then, it has been singularly fortunate in having outstanding 
leaders from industry serve as national officers, providing guidance 
and inspiration of the highest quality. It has also been fortunate 
in recruiting qualified staff members who have served efficiently 
and effectively. 

This combination of sound leadership and dedicated service has 
resulted in our Socrety of today, with almost 13,000 members and 
82 local sections representing all interested in advancing the use 
of welded fabrication. 

Upon joining the AWS headquarters staff, your new National 
Secretary has been pleased to find a group of industrious and alert 
young men, capable and well trained, who are directing or coor- 
dinating the varied activities of the Socrery. He looks with pride 
at a yearly exposition which is recognized as one of the largest and 
best; national meeting activities including awards, technical pro- 
grams and social events; the membership activities involved in 
serving districts, sections and our individual members; technical 
activities which produce a steady flow of codes and standards of 
tremendous value to industry and to the public; a publication ac- 
tivity which produces a JoURNAL which is acclaimed throughout 
the world as one of the finest technical magazines; a Handbook 
activity which involves the yearly production of 500 pages of au- 
thoritative information on some phase of welding; an educational 
activity which is now receiving significant staff support for the first 
time; office activities including the handling of thousands of ac- 
counts, purchasing, selling, a heavy velume of correspondence and 
other office routines; and a proposed welding information activity 
now under consideration by a special subcommittee of our Manu- 
facturers Committee. 

We have every reason to feel confident that the AMERICAN 
WELDING Socrety will continue to serve industry and the public 
welfare, expanding its activities to meet each new challenge pre- 
sented by our rapidly developing economy. 


Fred L. Plummer, 


NATIONAL SECRETARY 


1MWERICAN WELDING SOCIETY 
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; current or, 2 KRW oT ac power Tor 
Contractors, job weldors, farmers and many 
welder to power plant to pipe thawer, 
Readi-pull starter, rubber tire running gear and 
trailer available as optional equipment. 
\CONS 


Fig. | Platform view of welding operation 


INERT-GAS TUNGSTEN-ARC 


SPOT WELDING OF AN 
AUTOMOTIVE TRANSMISSION SUBASSEMBLY 


[ se of high-production equipment lo ts operation and improve th f shifting, the pos- 
: sibilitv was also considered ot idapting igher production meth- 

effect a multiple number of spot welds ods. thereby reducing cost 
Basic lly, the Hvdramatk { consists ol two sec- 
found to assure uniform product quality tions~-the fluid coupling and 1 gear section, Th 
former actually takes the place of the old tech in the automo- 
and satisfactory welding results ‘ile, The latter contains 


yether accomplish the chang 


ir unit which to- 
hrough first, second 


third and fourth gear Vy means ot itches, clutch plate opera- 


tions and brake band operations n redesigning the change-ol- 

BY W. G. MERTENS AND O. J. RYDER 
sec on Mild stitute lor one o 
iction clutch plate Other changes 
vere also made whi ed the transmission but 


INTRODUCTION. The Detroit Transmission 


ire not per- 
rede signed transmission for the model vear of 1056 Wi 


i Division introduced tinent to this paper 
le Ube As shown in Fig. 2, the small fluid couplir ipproximately 7 


main purposes for redesigning the in diameter and is comp 


transmission were to simpli orus shell assem- 
yes one with 20 vanes 1 spaced, the othe 
-_ vith 21 vanes inserted and equall 
W. G. Mertens is Chief Met t and O. J. Ryder ‘ f \ oe 

Engineering at Detr n | 


he vanes are joined 
t . i nera t ( to the torus shells by Ta 
Detroit. Mic} 


welding, using 
: t thoriated-tungsten ele igent and argon 
Presented at 1957 i ri Meeting, P le  P 
8-12 


gas to provide an in lso illustrates 
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Fig. 2. Oblique view of welded parts showing spot welds 


Fig. 4 Side view of machine with guard removed from 
torches 
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the two series of spot welds used to join the vanes to the shell 
one series around the outer periphery of the shell and another 
series around the top of the shell. About 5000 transmissions 
requiring 410,000 spot welds, are produced in a 16-hr day. Fig- 
ure 3 is a close-up view showing several vanes as they fit into the 
shell. 

The major theme of this paper is the application of the inert- 
gus tungsten-are spot-welding process, through the use of high- 
production equipment, to produce a multiple number of spot 
welds on the automotive transmission subassembly—with uni- 
formity of production quality and assurance of satisfactory weld- 
ing results. 

Fabrication Problems 

Design Requirements 

To improve the shift-feel characteristics of the trans- 
mission, the fluid-coupling-type clutch had to be sub- 
stituted for the normal friction-type clutch. For prac- 
tical purposes, it had to be designed to occupy a mini- 
mum of space and still produce the required efficiency. 
Development of the coupling was influenced by vane 
location, vane contours, number of vanes, and the need 
for an oil-tight assembly. In addition, the vanes had 
to be assembled in the shell in such a way as to trans- 
mit the required amount of torque. (In this assembly, 
each vane is subjected to 5!/, ft-lb of torque load at 
full engine torque; but, due to shock loading, this may 
increase to about 100°; overload). 

Survey of Methods 

To mass-produce this unit at a reasonable cost, a 
method of assembly had to be developed which would 
be fast and yet require a limited amount of labor. 
Four types of fabrication were originally considered: 


1. Mechanical crimping. 

2. Brazing. 

3. Combination of both mechanical crimping and 

brazing. 

t. Resistance spot welding. 

In surveying the several methods possible for fabri- 
cating this unit, mechanical crimping was considered 
first: slots would have been pierced in the shell; the 
vanes fastened into these slots with tabs extending be- 
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San 
, oi Fig. 3. Close-up of vane and shell 


Fig. 5 Control box over machines 


yond the shell; and these tabs bent over to hold the 
vanes in place. Mechanical crimping was not accept- 
able however, because it could not meet the oiltight 
requirement oil could seep out through the slots 
furthermore, dimensional factors interfered with de- 
velopment of an acceptable design. 

Brazing the assembly was considered next, but the 
contour of the vanes was such that it would have been 
almost impossible to position them and maintain them 
in position during brazing. Also, under conditions of 
fixture brazing, there would always have been the possi- 
bility of a missed-braze which would be very difficult to 
correct. While it would have been possible to combine 
the mechanical crimping and braze assembly methods, 
the combination of two operations would have entailed 
additional machine, furnace and labor costs. 

Therefore, it was decided to weld the assembly 
Resistance spot welding was considered, but would have 
required destructive testing for Inspection In an as- 
sembly of this type, containing a high number of spot 
welds, each weld must be dependable. If a vane comes 
apart due to a loose weld, it will very quickly ruin the 


whole assembly 


Solution 

Mechanized inert-gas tungsten-are spot welding was 
finally selected because it provided the basis for the 
high-production, high-quality type of welding neces- 
sary to produce a satisfactory assembly. In addition, 
the process permitted visual weld inspection. A side 
view of the machine is given in Fig. 4, disclosing: the 
fixture, parts to be welded, welding guns, welding head, 
ground ring and brush and argon and water lines. 

The equipment actually consists of four individual 
machines which have produced approximately 65,000,- 
000 spot welds on the subassembly since the introduc- 
tion of the redesigned transmission. Each machine has 
two heads, with either four or six welding torches per 
head. With the four machines that are in use, there 
are 40 welding torches in operation. Normal produe- 
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tion on a four-gun head machine is 150 welded assem- 
blies an hour, while on a six-gun head machine it is 
approximately 190 an how 

Figure 5 shows the control boxes over the machines. 
Also located over the machines are the high-frequency 
units and associated relays, and the rectifiers. Due to 
the use of high-frequency starting for this process, the 
complete installation had to be enclosed in a shielded 
area—the transmission plant being within '), of a mile 
from Willow Run \irport outside of Detroit, Mich 
Present Fabrication 
Cleaning Parts 

Cleaning of the parts is the first step in the subas- 
sembly fabrication. The vanes are brought in tote 


boxes to the washing machine, shown in Fig. 6. They 


are automatically removed from the tote boxes, dropped 


Fig. 7 View from bottom of six torches on machine 


through the tumbling type washer, dried and dropped 
on a belt conveyor which transported them into the 
welding room. This is shown in Fig. 1, a general view 
of the welding machine. 

Similarly, the torus shells are hung on a conveyor and 
carried through the washing machine, through a dryer 
and into the welding room. There, the two parts are 
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Fig. 8 


Inspector in action 


prepared for the welding operation. The vanes are 
stacked by an operator so that they can be inserted 
readily in the fixture; this stacking operation provides 
a type of inspection since it reveals any bad tab con- 
ditions which may accidentally exist. 
Welding Operation 

To operate one of the welding machines, a team of 
three women cooperate to load the vanes in the fixtures: 
inspect the fixtures to make certain the vanes are prop- 
shells 


and unload the welded assemblies from the fixtures af- 


erly loaded; put the torus over the vanes; 
ter the welding operation has been completed. 

The cycle of the machine is automatic and the opera- 
tors can perform the fixture-loading operation within 
the cycle time. If the need arises, however, the ma- 
chine can Le stopped by pushinga button. In addition, 
an automatic interlock is provided to stop the machine 
if it has not been properly loaded. 

Operation of the machine can be described in eight 
distinct steps: 

1. Machine indexes to the weld position. 

2. Welding head and guns are lowered into position. 

4. Lowered clutch under the table of the machine 

rises to contact the fixture. 
!. Fixture makes one index, initiating the weld 
evele 
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Fig. 9 Close-up of missed weld on inside edge of torus 
shell 


5. With guns in position, each weld is made and then 
the fixture is indexed 


). ‘This is repeated for the proper number of welds 


either seven or ten welds depending upon 


whether a 21— or 20-vane assembly is being 

produced. The welding head has either four 
or six guns in order to get the proper index 
relationship for the number of vanes per as- 
sembly. 

7. Lower clutch disengages, welding head rises and 
machine indexes out of position. 

8. Built-in ejector rises, permitting operators to 
easily disengage and remove the parts. 


Figure 7 shows a view looking up into the welding 
head showing a 6-gun welding head. During the op- 
eration, the argon flow rate is held to approximately 
6 to 10 eth. 
to ll v, with a weld evele time of 100 to 110 eycles 


Current used in the welding operation is direct current, 


Power settings are 150 to 160 amp and % 


straight polarity. 
Postweld Inspection 

After unloading, the part is transferred on a. slide 
to the inspector who visually checks each weld, as shown 
in Fig. 8 The inspector judges weld quality from the 
appearance of the weld nugget on both the inner and 
outer per.phery of the weld. It is relatively simple to 
determine weld quality, since the presence of a nugget 
on the underside of the weld is the only indication nec- 
essary. Size of the nugget is not particularly impor- 
tant up to 900 lb shear strength in the weld can be ob- 
tained with a minimum amount of nugget. This is far 
in excess of the strength required for the part. 

If a weld has been missed, the inspector marks it and 
passes the part to the repair operator sitting next to 
him, as illustrated in Fig. 8. Using a manual inert-gas 
tungsten-are spot-welding torch, the operator repairs 
the weld and passes the part to the inspector for ap- 
proval. Since the equipment has been in operation, it 


has allowed less than missed welds. Figure 
shows the difference between proper weld nuggets and 
missing welds. 


\s further assurance of quality, the finished assembly 
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Fig. 10 Machine for proof-load test 


is subjected to a proof-load test in the machine shown 
in Fig. 10. In this test the parts are put together, one 
part anchored, the assembly loaded with oil and the 
free part spun against the anchored part--thus sub- 
jecting the assembly to a proof-load test. of about 
50°] above the maximum requirements of the trans 


mission. 


Critical Factors 
Cleanliness of Parts 

Since the vanes and torus shells are stampings, they 
require cleaning to remove drawing compound and 
rust-preventive oil This prevents electrode contam- 
ination and porous welds caused by smoke from the 
oil during welding. 
Torch Positioning 

As a result of original development of the machine, 
the electrode holders or torches, shown in | ig 11, are 
carefully positioned to make sure that: (1) the inert 
argon gas provides proper protection for the weld, and 
2) the direction of the are is uniform and properly 
placed. This illustration is a mock-up of the 4 guns in 
their relative welding positions. 
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Electrodes 


Electrode-to-work distance is carefully controlled, 
the ideal distance being 0.060 to 0.080 in. Any dis- 
tance beyond 0.080 in. produces incomplete weld 
penetration, while setting the electrode closer to the 
work than 0.060 in. results in possible weld burn- 
through A blunt-nosed electrode would allow the are 
to wander, causing incomplete penetration and mis- 
placed welds Therefore, the electrodes used are 

s-in. diam with the end “dressed” or tapered to y»-in. 
diam to insure proper arc direction. Normal life ex- 
pectancy of an electrode, between dressings, is approxi- 
mately 2000 welds 


Welding Controls and Timers 


Within certain limited parameters of are time and 
welding current, 100°; weld soundness can be expected. 
As these limits are exceeded, the number of poor welds 
is increased. This fact is illustrated by the graph in 
lig. 12, showing the relationship of arc time to welding 
current Jecause of these limitations, timing and cur- 


rent control equipment had tO be de ( loped Machine 


Fig. 11 Mock-up of torch over work 


ARC TIME-CYCLES (60 CYCLES/SEC.) 


WELDING CURRENT — AMPS DCSP 


Fig. 12 Effect cf arc time and current on weld consistency 
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settings of 150 to 160 amp and 100 to 110 cycles are re- 
quired to produce 100°; weld soundness; these controls 
are locked on the machines and are adjusted only by 
the welding engineer or the maintenance electrician, 
Fixture 

General Description and Function 

As shown in Fig. 13, good welds can be maintained 
with a spacing between the parts as high as 0.006 in. 
As this limit is exceeded, however, the percentage of 
good welds drops with 0.008-in. spacing producing 
about 90°7 good welds and 0.010-in. spacing approxi- 
mately 80°; good welds. Based on this knowledge, it 
Was necessary to make a fixture to hold the parts that 
would keep the spacing relationship to a maximum of 
0.006 in. 

The fixture, illustrated in Fig. 14, is composed es- 
sentially of a machined base plate with 20 or 21 in- 
serts as required to fixture the vanes. In addition, a 
center taper and cone arrangement is provided which 
allows outward movement of the inserts, thus correcting 
for wear and subsequent remachining to the proper 
diameter. 

In loading the fixture with vanes, a pocket is provided 
in each insert to guide the vanes into position. Com- 
bined with the insert is the spring, which keeps the vane 
at a higher angle than normal for the assembly. As 
the vanes are loaded, they are somewhat higher than 
they would be normally in the torus shell assembly. 


PERCENT OF CONSISTENT WELDS VS SPACING BETWEEN PARTS 
100 SPOT-WELOS MADE WITH EACH GAP CONDITION 

WELDING CONDITIONS - 160 AMPS DOCSP - 105 CYCLES~- TAPERED, 
1/8 IN. DIA, 1% THORIATED TUNGSTEN ELECTRODE 
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SPACING BETWEEN PARTS - INCHES 


Fig. 13 Effect of fit-up on weld consistency 


Fig. 14 Over-all view of fixture 
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Thus, after the torus shell is placed over the vanes, the 
welding head pushes the shell down to the vanes —in- 
suring tightness of spacing between the shell and vane 
heads. 

This fixture is an extremely important factor in the 
welding operation. First, it must hold the assembly in 
& Way necessary for meeting the dimension require- 
maintain the maximum 
0.006-in. spacing of the parts necessary for producing a 
satisfactory weld. 

Operator Training 


No particular skill is necessary for loading the fix- 


ments. Second, it must 


tures——operators need only to properly insert the cor- 
rect number of vanes and place the torus shell on top of 
the assembled fixture. 

Certain skills are required, however, to maintain 
proper welding conditions. The “set-up” man must 
observe the condition of the welds, note any electrode 
deterioration and change electrodes to prevent unneces- 
Also, he must be trained to prop- 
erly set electrodes, since electrode-to-work distance be- 


sary missed welds. 


tween 0.060 and 0.080 in. is vital to maintaining good 
welding conditions. After a relatively short time of ex- 
perience, however, the operator can maintain the proper 
welding conditions. A definite aid in maintaining elec- 
trode distance is gained by the fact that the voltage is 
A 0.060 gap re- 


sults in an are voltage of 9.0 v and an 0.080 gap results 


directly related to the gap distance. 


in an are voltage of 11.0 v. 

The inspector is readily trained for his operation, 
since his is strictly a visual requirement noting the 
number of welds and type of nugget. Inspection re- 
quires only one or two glances to note all conditions of 
Little operator training is needed for re- 
the operator simply uses a 


the parts. 
pairing missed welds: 
manual inert-gas tungsten-are spot-welding torch to 
make the necessary welds, all welding conditions having 
been decided upon previously by the welding engineer. 
Conclusion 

Primarily, the objective of this operation is the pro- 
duction of a multiple number of spot welds which can 
be inspected readily and can be relied upon for high 
quality. To produce this result, several factors require 
special consideration: 

1. Cleanliness of the parts to be welded. 

2. Proper development and maintenance of the 

fixture. 

3. Proper control of electrodes and operating por- 

tions of the torches and guns. 

Careful consideration of the machine's control 
factors—-such as gas flow, power input and 
time cycle. 

5. Efficient maintenance of equipment to keep the 
operation geared to its high production rate. 

To date, more than 65,000,000 sound spot welds have 

been produced in this application. The use of inert- 
gas tungsten-are spot welding has satisfied the two most 
important production requirements low cost and 
quality. 
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Fig. 1 An automatic gas-shielded consumable-electrode welding machine being used to make a butt weld on 1-in. ASME 


boiler plate, using carbon-dioxide shielding gas 


BOILER-CODE WELDING AND JOINT DESIGN 
WITH THE CO, PROCESS 


Investigation shows that quality welds 
can easily be made with carbon-dioxride 
gas-shielded process to meet the 


unfired-pressure-vessel code requirements 


BY J. D. CAREY, JR. 


J. D. Carey, Jr. is associated with Welding Process Engineering, General 


Electric Co., York, Pa 
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Introduction 

Since carbon dioxide has been widely accepted as a 
shielding gas for the consumable-electrode welding of 
mild steel, it follows that boiler-code welding be con- 
sidered an area of application. It has long been recog- 
nized that boiler-code welding demands the highest 
quality levels and any process that has met these 
requirements has been accepted as a reliable industry 
tool. A number of manufacturers are investigating the 
use of carbon dioxide for their boiler-code weldments 
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Fig. 2. Boiler-code test plates positioned for welding with 
an automatic carbon-dioxide gas-shielded welder 


and some have already been approved. Inquiries 
have been received concerning this field of welding and 
it was due to this widespread interest that an investi- 


gation was undertaken to evaluate the weldability of 


unfired-pressure-vessel components using the carbon- 


dioxide process. These tests concern the welding of 
two grades of boiler-code steel, ie., ASME type A285 
grade C and type A212 grade B, since these are widely 
used in the manufacture of unfired pressure vessels. 
This project was undertaken to determine whether 
the carbon-dioxide gas-shielded process would produce 
boiler-code-quality welds, and to ascertain optimum 
joint preparations and welding techniques. Con- 
siderable data has been obtained on the weldability of 
the thinner-gage mild steels (up to * . in. thick) and 
it was felt thet - and l-in. thick material should be 
used for these tests. This would demonstrate the 
feasibility of multi-pass welding, and if these heavier 
thicknesses passed the weldability tests, it could be 
concluded that the thinner gages would also meet the 
requirements, The boiler-code steels show the same 
degree of weldabilitv as other mild steels having the 


same chemistry and menufactured by similar methods 


Table 1— Chemical Analysis of Base Metal and Electrodes 


Base metal 
Electrodes 
Carbon 2 25 0.11 0.16 
Manganese : 0.92 1.14 
Silicon 0.41 0.35 
Aluminum OSI 
Phosphorus 0.015 0.016 0.020 
Sulphur 0 O32 0 O21 
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Fig. 3 Three bend-test specimens illustrating the high de- 
gree of ductility present in the boiler-code test plates. 
These specimens are from left to right: root bend, face 
bend and side bend 


Fig. 4 Tensile-test bars machined from 1-in. boiler-code 
welder-qualification plates. Note the excellent ductility 
of the two broken bars 


Fig. 5 A radiograph of a sound |-in. butt weld on ASME 
grade A212 plate. This was a ten-pass weld, using type B 
electrode 


The boiler-code steels differ in that they are rigidly 
held to specified mechanical and chemical limits by the 
These limits are established by the ASME 
Boiler and Pressure Vessel Committees. 


steel mill 


Electrode Composition Important 

Two mild-steel electrodes were used in these tests and 
were representative of the two most readily available 
types tor mild-steel applications. One was a silicon- 
killed type and the other a silicon and aluminum- 
killed electrode. 


and this element, together with the two deoxidizing 


Both electrodes contain manganese 
elements mentioned ebove, remove free oxygen from the 
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weld metal and compensate for the base-metal dilution. 
The dilution of the weld metal by the base metal can 
cause the oxygen content of the weld to increase since 
The 


electrode must contain an excess of deoxidizing elements 


most mild-steel base material is high in oxygen. 


to combine with the oxygen and prevent porosity from 

base 
These 
are typical mild-steel compositions and it can be seen 
that the type A212 steel has been killed by the 0.18% 


this source. The analyses of the boiler-code 


metal and electrodes are shown in Table | 


silicon. 

Welding-grade carbon dioxide was used for the shield- 
ing gas and the gas flow was maintained at 30-35 cu 
ft per hr. This grade of carbon dioxide is supplied by 
a number of distributors for the welding industry and 


is maintained at a low (-50° F) dew point 


Boiler-Code Test Procedures 
The test plates were clamped rigidly to the welding 


table to obtain maximum restraint conditions. All 


plates contained surface scale typical of hot rolled 
steel and the edges were prepared by flame cutting. 


Figure 2 shows the automatic welding equipment used 


in these tests. Initial welds were of the single V, 
60-deg included angle type, using a '/«in. backing 


plate in accordance with the ASME boiler-code welder- 
qualification requirements (Section LX, Figure Q 23a) 
These with the 


(manual 


welds were made semiautomatic 


equipment and consisted of five passes on 


one-half inch and ten passes on one inch material 


The inter-pass temperature was held to 350° F maxi- 
mum. The resultant guided bend, tensile, and radio- 
graphic tests showed the weld quality to be excellent 
and to meet the requirements of the code. Figures 3 
and 4 show the excellent ductility and cleanliness of 
the guided bend and tensile bars following testing 


The tensile fractures occurred in the weld metal with 


used, severe center bead cracking occurred in the first 
This could 


utilizing a larger root opening 


only be eliminated by 


i« in. for 1-in. plate) 


or second pass. 


and depositing excessive filler metal. Subsequent 


testing showed that the use of large high-deposition- 
rate beads eliminated cracking, permitted the use of 
edge preparations requiring less filler metal and reduc- 
ing the number of passes per weld. The optimum 
edge preparation for a -in. plate consisted of a 30- 
15-deg 


deg included angle, and for a 1 in. plate, a 


included angle. Figure 6 shows a number of edge 
preparations and welding sequences that produced good 


quality welds. 


High Current-Density Arc Required 


In order to obtain a high degree of restraint, double- 
V joints were evaluated. It was also noted here that 
small st ringer beads were unsatisfactory and frequently 
contained center-bead shrinkage cracks. By going to 
high-deposition-rate passes, it was possible to weld one 
inch material with only two passes—one on each side. 
Here the optimum edge preparation for one inch 
land, and a 


that 


plate was a 45 deg included angle, a ') .-1n 
work 


higher currents and deposition rates will permit the use 


-in. root opening. Future may show 


of smaller included angles and root openings, and 
result in a greater saving of filler metal. It was the 


take 


the carbon-dioxide 


objective of these tests to advantage of the 


deep penetration — of bead and 


keep to a minimum the amount of weld metal per 
joint. To increase the width of these beads, it was 


to weld with a very high-current-density 


necessary 
are (287,000 amp per sq in.) and this was accomplished 
by reducing electrode diameter and increasing the 
wire-feed speed When this Was done, 


washed into the base metal and solidified to form a wide 


the weld metal 


ultimate strengths of 70,000 to 75,000 psi, above the bead having good penetration. The above current 
ASME specified minimum tensile 
strength for the A285 grade C BOILER CODE PROCESS DATA 
BASE ELECTRODE | TRAVEL SPEED ARC oer | TEST RESULTS 
and A212 gradk B ba tal. PASS METAL MIN AMPS VOLTS be. BENO TENSILE X-RAY 
All plates were radiographed and : 
A 4 | AUTOMATI 420 
this, in combination with the TYPE ie 
mechanical tests, gave a_ reliable 
rs a265 716 AUTOMATIC 500 34 248 GooD 
evaluation of weld quality. Figure 4 1 | TYPE 44 
5 is a radiograph of a l-in. A212 ~ 
2 A285 045 MANUAL 285 34 2 
manual qualification weld. Note 3 A | sa 168 6000 
the soundness of the weld deposit —_—* 
which consisted of ten passes. je ' A2i2 045 AUTOMATIC 450 43.5 20.8 GOOD 
Tr 
Edge Preparations Evaluated ' 
i 
Since carbon dioxide produces A285 A 6 465 256 G00D 
a deep, penetrating bead, a study giee 
mum edge preparation for use with — 
"Ap ! 00 4 
butt joint rhree single-V joint | aaie 19 600 | 465 | soos 
54 A it 610 466 
were prepared, having included ot 
angles of 30, 45 and 60 deg. These Le 2-4 | a2i2 6 MANUAL 300 33 13.0 600D 
4 EES J 5-8 8 7 325 335 44 
utilized back-up plates and were — 9-10 300 | “33 | 130 


welded with varying techniques 
When small stringer beads were 
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Fig. 6 Chart showing some recommended joint designs, electrodes and 
process data for welding ASME A285 and A212 boiler plate 
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Fig. 7 Asingle-pass butt weld on ' »-in. plate made with 
an automatic welding machine showing the typical oxide 
film on the surface of a large carbon-dioxide shielded weld 


Fig. 8 A three-pass semiautomatic (manual) weld on '/»-in. 
A285 plate. This weld was sound and passed the ASME 
guided-bend, tensile and radiographic tests 


density represents an 0.045-in. diam electrode welding 
at 450 amp. 

All plates were welded in the flat position to obtain 
the highest travel speed. Also, the weld metal de- 
posited at these high current densities was very fluid 
and solidified as much as 1'/s in. behind the are. 
Because of this, it was considered desirable to start 
This permitted the 
crater to solidify outside of the welded joint. 


and stop each pass on a tab. 


During cooling, the weld metal formed an oxide 
film which would partially flake off; Fig. 7 shows this 
condition on an automatic single-pass weld on '/2-in. 


Fig. 9 A photomacrograph of a ten-pass semiautomatic 
(manual) butt weld on 1-in. plate illustrating the sound 
deposit obtained 
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plate. X-ray and macroscopic examinations showed 
that this film was superficial and not detrimental to 
weld quality. It was noted, however, that heavy scale 
from the base metal could cause oxide build-up and, 
Where 
this condition exists, it is recommended that an elec- 
trode of type B be used. The aluminum in this elec- 
trode is very effective in eliminating this type of poros- 
ity. 
Weaving Technique Improves Quality 

For semiautomatic (manual) welding, a weaving 
technique is recommended on all except the root pass. 


on occasion, result in weld-metal porosity. 


This permits the gases and oxides to escape to the sur- 
face, particularly those present on the surface of the 
previous bead. Figure 8 shows a three-pass manual 
weld on '/sin. A285 plate. 
current density welding, the larger, more active, molten 


In automatic, higher 
pool effectively removes the gases and oxides. Figures 
9 and 10 are cross sections of manual and automatic 
welds. Note the excellent bead shape and cleanliness 
of the weld beads. 

This investigation has shown that quality welds can 
easily be made which meet the unfired-pressure-vessel 
code requirements. The boiler code does not grant a 
blanket approval for a welding process but requires a 
fabricator to qualify his individual welding procedure 
and operator. This is done under the supervision of a 
qualified boiler and pressure-vessel inspector 

It is felt there are a great number of unfired pressure- 
vessel applications which can be qualified for welding 
with carbon dioxide. Where this can be done, the 
advantages of this process—high deposition rates, no 
slag removal, visible joint while welding, and inex- 


pensive shielding gas—can result in quality weldments 


and cost reductions for code welding. 
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Fig. 10 A photomacrograph of a four-pass automatic 
butt weld on 1-in. plate. This is typical of the high-quality 
welds made on the A212 base material 
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Fig. 1 Vessel being prepared for shipment 
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SYNOPSIS. Pictorial representation of various reactor vessel 
and associated equipment and components is given Detailed dis- 
cussion O! types of equipment, materials ol reactor vessels and re- 
quired physical properties is given. Data on impact properties 
of manual metal-are and multilayer submerged-are deposited 


metal is presented and discussion of manual metal-are and sub- 
merged-are stainless-s tee] cladding methods is presented. De- 
sign and nondestructive testing methods are briefly discussed 
Scope 
The pressure vessels under discussion are the type con- 
taining the core structure in which nuclear heat is 
generated. These vessels, in turn, are surrounded by 
other containers for safety purposes and are connected 
to other type auxiliary equipment, some types of which 
are briefly mentioned 

All of the designs require close fitting of parts, such 
as thermal shields, flow baffles, core structures and the 
like, such that machining to very close tolerance is 
required. This also requires welding to very close 
tolerance, and specific heat treatments to insure dimen- 
sional stability for machining. Because of the large size 
of the parts of some reactor vessels, and reactor vessels 
themselves, special equipment for machining, jigging for 
welding and for control of tolerances is required. De- 
sign is such as to allow adequate nondestructive ex- 
amination, and design must be such as to allow no 
crey ices for corrosion, or stress concentrat ions, or stress 
corrosion, particularly where stainless-steel parts are 
involved. Because of high thermal stresses which can 
be set up for this type equipment, close attention must 
be paid to design for welding as regards differential 
properties of base materials in different directions and 


orientation of stress in fabrication and service, 


Sodium Type 

The first such vessels that the author’s Company built 
were for use of sodium as the heat-transfer vehicle and 
were built of solid Type 304 and 347 stainless steel for 
subcontract for General Electric Company for equip- 
ment for the Atomic Energy Commission. The welding 
was standard except for complicated design and neces- 
sity of building and machining to close dimensional 
tolerance. Heat treatment of the welded structures 
was used extensively to maintain dimensional stability 
for close-tolerance machining. No fabrication diffieul- 
ties were encountered except for base metal heat- 
affected zone stress-rupture cracking becoming evident 
after heat treatment for a few Type 547 stainless-steel 
plates which contained high residual stresses because of 
design and fabrication restraint conditions. 

Figure 1 shows such a vessel on a railroad car being 
prepared for shipment. Tl igure 2 shows a portion of 
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Fig. 2. Showing close-tolerance machining 


Fig. 3 Showing close-tolerance machining 


this same vessel being machined. Note the finishes 
required. Figure 3 shows another portion of this ves- 
sel. Here the complexity of design and machining 
is apparent. Figure 4 shows another view of the 


internal structure. Extreme cleanliness is required in 


this type equipment and assembly is done in a con- 


trolled atmosphere ‘‘clean room.” 

Figure 5 shows a series of Type 347 stainless-steel 
nipples welded into a Type 347 shell of an auxiliary 
equipment to that mentioned above. Upon heat treat- 
ment of this weldment at 1850° F, stress-rupture crack- 
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Fig. 6 Completed vessel of Fig. 5 
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moo Fig. 4 Showing close-tolerance machining 
— Fig. 5 Type 347 nipples welded into Type 347 shell 
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Fig. 8 Another view of vessel shown in Fig. 7 


¥ 


Fig. 9 Pressurized-water reactor being shipped 


ing of the shell plate material adjacent to the welds 
occurred. These cracks were removed and one-half of 
the nipples rewelded, skipping alternate nipples, the 
vessel heat treated, and the remaining nipples then 
With this 
procedure, no difficulty resulted. The base material 


welded and the vessel again heat treated. 


was Nos. 2 to 5 grain size and is not expected to stress- 


rupture crack except when subjected to excessively high 
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Fig. 10 Pressurized-water reactor in fabricating shop 


biaxial residual stresses. Figure 6 shows an over-all 


view of the substantially completed part 


Pressurized-Water Type 

Figure 7 shows another type auxiliary vessel for a 
pressurized-water type reactor for subcontract for 
Westinghouse Electric Corp. for equipment for the 
Atomic Energy Commission. This vessel is made of 
Type 304 stainless steel and contains numerous heating 
elements near one end. Figure 8 is a view looking into 
one end just prior to attachment of a head in a “clean 
room.” The attachment of the head was done with 
inert-gas first passed in order to maintain the cleanliness 
required 

Figure 9 shows the main vessel of a pressurized-water 
reactor being shipped. This equipment 1s to operate 
at 2500-psi pressure and approximately 600° F. Be- 
cause of the large size of the equipment and the desire 
to build of ASME Code materials, SA-302 B material 
was chosen to be used. This steel has a minimum 
tensile strength of 80,000 psi and its use resulted in a 
design wall thickness of approximately S° 4 In. The 
design also required that all surfaces in contact with the 
pressurized water be clad with stainless-steel Type 504 
extra-low-carbon material. The design also required 
a bolted eover for opening and closing the vessel, 
This necessitated the use of extremely large ring forg- 
ings for the flanges. These forgings were made of 
essentially the same analysis as the plate material. 

The plate, up to 8! y-in. thickness, was bought as a 
commercial clad material with cladding integrally 
bonded to the backing steel 
by deposited weld metal as were the nozzles which 


The forgings were clad 


were fabricated from plate, and plate over 8'/4-in. 
thickness. 
Figure 10 is another view of the vessel in the fabri- 


Vuclear Reactors S83 


y fy > # i 4 
Fig. 7 Type 304 auxiliary vessels 
VOPR 
me 
of 


| 


Fig. 11 Hydrostatic-test head of vessel shown in Fig. 10 


Fig. 12 Operation head of vessel shown in Fig. 10 


eating shop. Figure 11 shows a hydrostatic-test head 
The construction consists of a large ring forging, four 
torus head segments formed from plate and a dome 
section. The welds are all 10-in. thickness in 10-in. 
thick plate. 
which was made in the same manner as the hydrostatic 


Figure 12 shows the operation head, 


test head but which has numerous penetrations. The 
welds of nozzles to operation head are “through” welds 
with the welds through the nozzle walls and approxi- 
mately 2-in. deep across the plate thickness. The 
center “O” pattern of operation head penetrations is 
solid weld metal in which the weld is keyed into the 
thickness of the head plate approximately 2 in. through 
its thickness. This weld was examined by both radiog- 
raphy when partially built up and by ultrasonic testing 
then and upon completion. It was free of defects. 

All welds are “through” welds, containing no design 
notches. Figure 13 shows design of standard butt weld 

in this case the weld between the shell and the 
bottom head. Figure 14 shows design of shell nozzle 
welds. In these cases the weld thickness is approxi- 
mately 10 in. The cover head plate thickness at the 
butt welds is also 10 in 
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Fig. 13 Typical butt-weld groove 
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Fig. 14 Typical nozzle-to-shell weld groove 


Material 


The portions of nuclear component vessels made from 
ferritic steels, mentioned above, are made from base 
material having the chemical analyses and physical 
properties given in Table 1. 

Because of past occurrence of brittle fractures in 
welded structures, close attention has been given to 
the development of and use of materials which exhibit 
low “nil-ductility” and Charpy V-notch impact transi- 
tion temperature. For the materials chosen, the impact 
requirements generally necessitate use of accelerated 
cooling from the austenitizing temperature, followed by 
tempering. For the thinner thickness, normalizing, 
followed by tempering, results in adequate impact 
properties. 
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Table I—Chemical Analysis, % 
C Si P, max S, max Vo Vi, maz. 
Plate 0.20-0.27* 0.15-0.30 0.035 0.040 0. 40-0. 60 0.80 
Forgings 0. 15-0. 27 0.15-0.30 0.03 0.03 0.45-0. 60 0.40-0.70 
Physical Properties 

Tensile strength, psi 80 , 000-100, 000 
Minimum yield, psi. 50,000 
Minimum elongation in 2 inches, “7 
Minimum reduction in area, “% 

* Dependent upon thickness 
Plate: 30 ft-lb Charpy V-notch impact at '/«-in. thickness level at +10° F 
Forgings: Aim for 30 ft-lb Charpy V-notch impact at finished machined highly stressed surface at +10° I 


The properties must be met on the finished product, 
which has been given several fabrication heat treat- 
ments. The same properties must be met in the weld 
metal and heat-affected zones, all handled exactly as 
the job as regards heat treatment and all fabrication 
procedures. 

Meeting the above properties in plate up to 10-in. 
thickness has been accomplished. Needless to say, 
however, it has been more difficult meeting them in the 
extremely large forgings and it has been necessary to 
determine the temperatures at which 30 ft-lb is ob- 
tained and these temperatures used in setting hydro- 
static test temperatures and operational heat-up rates. 
Meeting the above properties in weld metal and heat- 
affected zones has been readily accomplished for either 
manual metal-are welding or multilayer submerged-arc 
welding. 

Figure 15 shows cross section of a test plate of an 8- 
in. thickness forging welded to a 8-in. thickness plate by 
multilayer submerged-are welding. 

Figure 16 shows range of all-weld-metal physical 
properties obtained on many tests alter standardization 
of welding procedures. Figure 17 shows range of all- 
weld-metal physical properties obtained with various 
analyses of weld metal while experimenting to settle 


upon welding procedures 


Fig. 15 Cross section of multilayer submerged-arc weld 
between 8-in. thick forging and 8-in. thick plate 
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Fig. 17 Physical properties of multilayer submerged-arc 


Fig. 16 Physical properties of multilayer weld metal heat deposited metal heat treated at 1150° F for 24 hr, furnace 
treated at 1150° F for 24 hr, furnace cooled. Nominal cooled. 0.07 to 0.1 C, 0.32 to 0.54 Si, 0.01 to 0.023 S and 
analysis: 0.1 C, 1.7 Mn, 0.5 Mo. Lime-base flux P, 0.46 to 0.59 Mo 
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Fig. 18 Equipment for heavy-thickness radiographs 


Nondestructive Testing 


Because of critical safety requirements necessary for 
nuclear reactors, their fabrication is subject to the most 
rigid quality control available to the present technology. 
The welds in extremely heavy thicknesses up to 10-in. 
thick as mentioned in this paper and up to I4-in. thick 
as presently in process — require special high-voltage 
equipment for radiography. Figure 18 shows the 
type of equipment used for this purpose. This equip- 
ment allows the examination of thicknesses up to 20 in. 
and is extremely sensitive in the thickness range over 
tin. The outline of a penetrameter of thickness of 
of of the thickness being radiographed is readily 
seen. Soundness requirements consist of meeting radio- 
graphic standards somewhat stricter than ASME on 
some work. On USN work, the requirement presently 
cousists of meeting a single film standard (originally 
developed for high-pressure piping) up to 6-in. thick 
(which has a slag line up to '/-in. long allowed), and this 
same film regardless of thickness above this except 
that a slag line up to * .-in. long is allowed provided it 
has no “fangs” and is separated by 6 in. from another 
slag line. The amount of porosity allowed is extremely 
small, 

The base material is subject to ultrasonic-test require- 
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ments and the finished parts subject all over to magnetic- 
particle examination on ferritic steels and penetrant-oil 
examination on austenitic steels. 


Cladding 

Internal reactor circuits require surfaces which must 
be fabricated to extreme cleanliness, and which will not 
corrode and form contaminants which will become 
radioactive in service. Such surfaces require the use 
of solid stainless steels or the cladding of low-alloy steels 
with a noncorrodible material. 

The commercial rolled-clad plate forms a continuous 
rolled bond which, however, is checked over by ultra- 
sonic method and repaired if required. Areas which 
cannot be clad in this manner are clad either by the 
manual metal-are method or by the series-are sub- 
merged-are method. Figure 19 shows a component 
after cladding by the latter method with Type 508 
metal and prior to being machined. Specifications 
originally required a maximum carbon content of 
0.060%. This has been recently raised to 0.08°;. 
igure 20 shows chemical analysis determined at various 
levels through the thickness of such a cladding which 
has been given two different heat treatments, one 
simulating cladding of a formed part which is sub- 
sequently given only fabrication stress-relieving heat 
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Fig. 19 Dome portion of pressurized-water-reactor head 
immediately after series-arc submerged-arc cladding 


treatments and the other simulating a cladding in the 
flat followed by a hot-forming operation such as hot 
pressing a head and this followed by fabrication stress- 
relieving heat treatments. Note that the maximum 
\et hod 


of obtaining millings for analysis is shown in bigure 21. 


carbon content requirement is readily met 


General 

Internal and external associated structures require 
the welding of numerous other materials and combina- 
tions of materials such as Inconel, Inconel ‘*X,”’ pre- 
cipitation-hardening stainless steels, wrought iron, 
aluminum anda variety of other materials. © Discussion 


of these procedures Is beyond the s ‘ope ol this paper 


For reactor vessels, there is a trend toward use of 


higher-strength materials allowing — lighter-weight 
structures. The use of quenched-and-tempered steels 
for this purpose will probably increase. 
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SECOND HEATED. TO 2100°F, | AIR COOL, FOLLOWED 
WELD SY 60°F, 16 HR, FURNACE COOL 


saver & 


HEATED TO 16 HAS FURNACE COOL 


DISTANCE FROM TOP OF WELD 
im SIXTEENTHS OF INCHES 


PERCENT CARBON 
0.06 0.68 612 ors 


Fig. 20 Carbon analysis through thickness of two-layer 
weld cladding of austenitic stainless stee! deposited on 
carbon-steel base plate by series-arc submerged-arc 
process 


Fig. 21 Method of obtaining millings for chemical analysis 
results shown in Fig. 20 
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THE WELDING QUALIFICATION PROBLEM 


Report by a special committee of TAC emphasizes that 


the basic factors in the application of welding constitute the only 


sound basis for standardization of a method for welding qualification 


INTRODUCTION 


The problem of establishing a flexible and generally 
applicable method for the qualification of welding in 
any type of application has long confronted the 
AMERICAN WELDING Society. Several attempts have 
been made in the past to resolve this problem without 
success and many suggestions of limited scope have 
been offered, most of which further confused the 
points at issue. Over the past two years a Special 
Committee (Qualification Task Force), appointed by 
the AWS Technical Activities Committee, has been 
actively engaged in exploring the various phases of this 
problem with the object of establishing some sound 
basis for a general qualification method. This treatise 
presents the results of this activity, together with an 
explanation of the thinking behind the concepts 
presented. 

Fundamentally, the basic objective of any welding 
application is to obtain a weldment which will be 
adequately serviceable for the purpose for which it was 
designed and fabricated. There should be no dis- 
agreement on this point from any angle of interest. 
It is in regard to the mechanism by which the appli- 
cation is accomplished that disagreements arise. The 
AMERICAN WELDING Soctery hopes to facilitate the 
resolution of such disagreements by promoting recog- 
nition of the importance of all factors involved in the 
application of welding. 

In all of its deliberations the Special Committee has 
been guided by the principles enunciated at the Kansas 
City Symposium of June 1955, as sponsored by the 
Technical Activities Committee and published in 
Tue Journat of August 1955. These are 
to the effect that requirements for welding qualification 
should be based upon the severity of the service condi- 
tions for the weldment and that proper consideration 
should be given to “all factors involved in the applica- 
tion of welding.”’ 

In any application of welding it is considered by the 
Committee that there are at least two interests in- 
volved and, in some cases, a third interest may be 
concerned with the results produced, particularly 
with reference to the service usage thereof. These 
three groups are as follows: 
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(a) The Producer or Fabricator. 

(b) The Purchaser or User 

(c) The Code Writing or Regulatory Body. 

(a) The Producer or Fabricator. This may be a 
company making a product which is a weldment or 
includes weldments. It may be a fabricator who 
produces weldments for use in a product or for some 
other company’s use. Whether it is a large or small 
company or an individual, anyone producing weldments 
must know what the service requirements are for each 
joint involved or have the requirements prescribed in 
advance of fabrication. 

(b) The Purchaser or User. This may be a company 
or an individual who must specify the service require- 
ments for the weldment or procure the weldment from 
someone who knows the requirements and either has 
made the weldment or has had it made accordingly, if 
he, the Purchaser or User, expects to be satisfied with 
the performance of the weldment. 

(c) Code Writing or Regulatory Body. This is an 
organization which attempts to protect the Purchaser 
by prescribing rules of performance to obtain assurance 
that the product will reasonably meet the prescribed 
service requirements. 

After considering the welding qualification problem 
from all angles and various practical viewpoints, 
including a variety of service conditions and welding 
processes, the Committee came to realize that welding 
qualification cannot be treated as a separate individual 
entity alone by itself, isolated from all the other factors 
involved in welding application. It is but one of 
several factors, each influenced to some extent by the 
others. This relative influence varies with the nature 
of the welding application and the welding process 
involved. 

Proceeding in this vein, with thorough and exhaustive 
deliberation, the Committee has finally rejected the 
philosophy of “Qualification Above All” as a workable 
basis for standardization. Instead, the basic factors 
of any welding application are emphasized for general] 
recognition as the only sound basis for standardization 
of a method for welding qualification. 
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A PROPOSAL— 


BASIC FACTORS IN THE APPLICATION OF WELDING 


FOREWORD. In the successful application of any 
process, certain factors must be considered. This pro- 
posal presents the basic factors to be used as a guide 
in all applications of welding. Each of the factors 
should be considered for the simplest weldment, such 
as an ash can, as well as the most complex weldment 
This proposal is not a standard nor should it be used as 
such. 


General 
In the fabrication of any weldment it is essential that 
adequate attention be given to each of the following 
factors which are discussed in detail in subsequent 
paragraphs. 
1. Service Conditions (under which the weldment 
will be used). 
2. Materials (base metals and welding materials 
suitable). 
3. Design (size and shape of members and joints 
involved), 
{. Joint Welding Procedures (to be used in fabri- 
cation) 
”. Welding Sequence (consecutive order of welding 
joints). 
6. Qualification (demonstration of applicability by 
fabricator). 
Supervision (control of fabrication operations). 


Inspection (examination for compliance with 

requirements). 
1. Service Conditions 

The specific service conditions which must be met 
by the weldment and all joints thereof should be 
evaluated for the purpose of obtaining the necessary 
design, fabrication and inspection information. A 
listing of types of service conditions is shown in Table 1. 
2. Materials 

The capability of the base metals and the welding 


materials designated, for use in producing joints 


adequate for the designated service conditions, should 


be determined. This may be done by reference t 
appropriate technical data or may be derived from 
appropriate development tests. 


Table | 


Service Service 


loadina temperature Service properties 


A. No significant 1. Normal a. Leak tightness gas, oil, water, 


stress 2: High ete. 
B. Static 3. Low b. Thermal conductivity 
C. Fatigue Electrical conductivity 
D. Impact d. Corrosion 
Thermal shock e. Wear 


Appearance 
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The base metals and welding materials selected for 
use in fabricating the weldment should be identified 
by reference to standard specifications, recognized 
industrial standards or by other positive means. 
In addition, the condition of the base metals should be 


designated L.@ whether cold rolled, normalized, an- 
nealed, quenched and tempered, etc (The thermal 


treatment after fabrication should also be specified). 
3. Design 

The design should be such that the weldment will 
meet the service requirements. Drawings should be 
prepared to show the shape and over-all dimensions of 
the weldment. In addition, written general require- 
ments and instructions should be provided as may be 
necessary for the design and fabrication of the weld- 
ment, 

The design of the weldment should include details 
of each joint to be welded, shown by the AWS Stand- 
ard Welding Symbols, implemented by such drawn 
details and written instructions as may be necessary 
for proper fabrication. 

4. Joint Welding Procedures 

The welding of all joints of a weldment should be 
covered by written joint welding procedures 

Each written joint welding procedure should include 
all details and information necessary for properly 
welding the joint or joints to which it applies 
5. Welding Sequence 

When necessary, the order in which the various 
joints in the weldment are welded should be estab- 
lished. 

6. Qualification 


Joint welding procedures should be qualified by the 
preparation of “workmanship” specimens and, where 
applicable, other test specimens prepared using the 
joint welding procedures prescribed for the fabrication. 
These specimens may be a complete production item or 
portions thereof, or a series of weld joint specimens 
representative of the joints in the weldment The 
extent of quelification testing should be correlated 
with the service requirements 

In fabricating the weldment by machine or automatic 
welding, only qualified or approved equipment should 
be used. 

Welding personnel should demonstrate that each 
individually has the ability to produce sound welds 
using the materials and welding procedures to be used 
in fabricating the weldment 
7. Supervision 

Supervision of welding operations should be provided 
to assure that the specified joint welding procedures 


are being followed and that all other requirements 
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prescribed herein, as well as those of the applicable 
code or fabrication specification, are being met. 


8. Inspection 


Inspection for maintaining the quality of materials 


DISCUSSION 


and fabrication of the weldment should be provided 

The quality level and inspection methods should be 
only so rigid as required to meet service requirements 
but should not be so low as to condone poor workman- 
ship. 


1. Service Conditions 

\ basic principle of application engineering is that 
the service conditions, under which the weldment is 
to be used and for which the weldment must be service- 
able, dictate the requirements for size, shape, materials 
and design of the weldment. By some it may be 
considered that all of these are included under the one 
item of design but such is of minor importance at the 
moment. The important point is that service con- 
ditions are the guiding factor for the design and fabri- 
cation of the weldment. 

With reference to the point that service conditions 
should dictate the requirements for welding qualifi- 
cations, it appears that very little progress can be 
made in establishing applicable rules for welding 
qualification unless some method can be found for 
specifying types of service conditions for which weld- 
ments are designed and fabricated. This is a funda- 
mental and complex problem but the Committee has 
proposed a method such as is illustrated by Table 1 of 
the Proposal. 

This method predicates the type of service on three 
basie conditions: (1) type of loading, (2) service 
temperature and (3) service properties required, 
since these appear to be fundamental to any type of 


service. 


2. Materials 

Materials suitable for the weldment fabrication 
must be selected at some point in the fabrication 
planning. Just when this is done is not so important 
as is the fact that it is done only after due consideration 
of pertinent material data and data from adequate 
welding engineering research and development testing. 
Some prior knowledge and experience with the fabri- 
cability and weldability of the selected materials is 
essential to successful fabrication. Welding qualifi- 
cation should not be the last resort, the crutch to lean 
on for such data. The development of a_ proper 
materials engineering background requires a much 
broader scope of testing than is afforded by the usual 
qualifieation testing procedures. These considerations 
are important to successful welding application. 


3. Design 

For some types of weldment it may be desirable that 
a general layout, shapewise and dimensionwise, be 
prepared. For other types of weldment, possibly of 
less complex nature, such a layout may be unnecessary. 
Where used, a general layout affords a proper basis for 
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beginning a ‘‘meeting of the minds” between the user 
and producer interests, as well as the code interest 
when involved, prior to design and fabrication. It is 
& proper step in the mechanism of welding application, 
wherever and whenever it can serve a useful purpose. 

The designing of a weldment is an essential step in 
planning the production of the weldment. It cannot 
very well be omitted and at the same time accomplish 
adequate understanding by any production organi- 
zation of what is desired as a serviceable weldment. 
In accomplishing any weldment design the details 
usually should be arrived at by consideration of the 
service requirements, materials selected and the prob- 
able welding process to be used in fabrication. 

When the design is accomplished without regard for 
the welding characteristics of the base metal or the 
general characteristics of the welding process to be used, 
either the production costs are increased unduly or the 
design must be revised with costly delays in production 
schedules. Careful consideration of this factor is an 
essential need in successful application planning. 

4. Joint Welding Procedures 

Any welded joint is produced by using some specific 
joint welding procedure. This fact is inescapable. 
Whether or not the exact procedure has been written 
down somewhere as a matter of record is beside the 
point, at the moment, for the mere fact that a welded 
joint has been produced is clear evidence that some 
specific joint welding procedure was used to produce it 
This is true of any welded joint. 

The properties of a welded joint are mainly dependent 
upon the joint welding procedure used in welding it. 
It is therefore important that the procedure be chosen 
carefully and with due understanding of the effects of 
the various factors involved. This is not something 
which one can “pick out of a hat” like a magician. 
Some prior experience is necessary and this is an 
important factor in welding application. 

Since the production of a weldment may involve 
any number of joints to be welded, possibly of different 
types and forms, a number of joint welding procedures 
of some difference may be required. In such a sit- 
uation it is usually desirable that these several joint 
welding procedures be recorded so that all personne! 
concerned with the welding may understand clearly 
just what is to be done. Such a record is of value 
not only to supervisory personnel but also to those who 
are responsible for enforcement of pertinent quality 
control measures. 
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5. Welding Sequence 


When fabricating a weldment which involves the 


welding of more than one joint, the joints cannot all 
be welded simultaneously except perhaps in rare 
instances when using a machine welding process 
Since the joints of the weldment usually are welded 
individually, they must be completed in some order of 
sequence which is known as “welding sequence.” 

Often this “welding sequence” is of minor conse- 
quence and yet there are often instances where a 
successfully economic fabrication of the weldment 
dimensionwise is vitally dependent upon welding 
sequence. In such cases a careful determination and 
record of proper sequence for welding the joints is 
essential to guide a successful fabrication. The proper 
sequence may be indicated by written instructions, or 


where desirable, by information given on the drawings 


6. Qualification 

If one were to ask a dozen individuals ‘‘What is the 
purpose of welding qualification and of what should it 
consist?” it is quite probable that he would get a dozen 
different answers. It is also probable that some dif- 
ferent opinions would be found as to the concept ol 
“What is qualification?” and “What is its signifi- 
eance?” In view of this situation it is evident that the 
latter question must be resolved in some way before 
any progress can be made in answering the former 

Basically, qualification is essentially a demonstration 
of capability. This demonstration includes both the 
act of doing something and an evaluation of the results 
of that act. This evaluation must be made within 
the limitations of whatever conditions may have been 
imposed for the demonstration. Having accomplished 
the qualification, one must understand that the capa- 
bility demonstrated thereby is neither a guarantee of 
future behavior nor a dependable indication of future 
functioning of the human mind, for such is beyond the 
realm of qualification. 

The problem of deciding what is appropriate for 
welding qualification has existed ever since the first 
use of welding as an industrial fabrication process. In 
the past, qualification has been given the greatest 
emphasis in exercising control of fabrication and this 
situation has existed mainly due to lack of appreciation 
for the other factors involved in producing a weldment. 
Also the requirements for qualification have never 
recognized that a considerable difference in service 
requirements exists between an ash can and a pressure 
vessel. Consequently, the qualification often imposed 
was too severe in the one case and not searching enough 
in the other. 

In the early days, when authentic welding engineering 
data were not generally available, qualification for 
each job emphasized complete coverage of procedure 
and personnel, by various joint property tests, to estab- 
lish potentialities since, at that time, welding was 
regarded with considerable skepticism as a fabrication 
tool. 

Since the philosophy of “qualification above all’ 
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was found to be effective as a brake on an unbounded 
enthusiasm for the promiscuous use of welding in 
applications with service conditions of some severity, 
qualification naturally came to be applied indiscrim- 
inately to welding applications where a lesser severity 
or no appreciable severity of service conditions existed. 
Thus, for the latter, the requirements for welding 
qualification became a serious economic problem, as 
well as a problem of compliance such that welding 
quelification came to be regarded as a hurdle to be 
avoided wherever and whenever possible. Often this 
attitude resulted in no effective quality control at all, 
which is admittedly undesirable 

Considering the present status of welding engineering 
development, the Committee recognizes that “qualifi- 
cation just. for the sake of qualification” is an obsolete 
philosophy. However, it recognizes that qualification 
for a specific welding application often serves as a very 
effective device for screening unknown potentialities. 
And yet, where an adequate background of welding 
engineering experience and data have been accumulated 
by a fabricator, any extensive and elaborate qualifi- 
cation testing serves no useful purpose except perhaps 
to eliminate some doubts from the customer’s mind or 
strengthen a wavering faith. In any case of this sort, 
the time and cost are not justifiable 

The Committee has a firm belief that the simplest 
and most effective manner in which the capability for 
welding fabrication can be demonstrated, to the 
satisfaction of the customer or user, is for the fabricator 
to make up a “workmanship” or “appearance” sample 
of the work which he is expected to do so that the 
customer may have some tangible evidence of what he 
should expect from the fabriecator’s work. Such a 
sample may be a regular production item, a suitable 
portion or portions thereof or special samples of such 
nature and number as to show what certain or all of 
the welded joints in the weldment may be expected to 
look like. 

Such a demonstration of potentiality should be 
adequate as qualification for many welding applications 
where the service conditions have minimum or no 
particular severity. This procedure should be adequate 
where the fabricator has had no extensive welding 
engineering background, since the workmanship sample 
can be subjected to such destructive testing as may 
determine joint properties pertinent to the particular 
welding application involved 

Where the service conditions are of appreciable 
severity, the Committee considers that some dest ructive 
testing, in addition to the workmanship sample, may 
be desirable. However, the amount of such testing 
should be the minimum sufficient to show the perform- 
ance level of the selected joint welding procedures. 
In those cases where the fabricator can show an ade- 
quate welding engineering background with prior 
experience in welding application similar to the one 
in hand, this destructive testing may not be required 
and the workmanship sample would be considered 


sufficient for qualification. However, in order to 
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apply this principle fairly and effectively, some yard- 
stick is needed by which to evaluate properly any 
welding engineering background and fabrication ex- 
perience. 

The problem of establishing rules for determining 
the type and amount of qualification testing required, 
in situations as outlined above, is concerned somewhat 
with the yardstick used in evaluating welding engineer- 
ing background and fabrication experience. The 
Committee has not attempted other than to suggest 
the workmanship sample as a basic requirement for 
welding qualification. 


7. Supervision 

Any emphasis on qualification as the major element 
of welding quality control, to the subordination or 
exclusion of supervision and inspection, is a policy 
which the Committee most emphatically condemns 
since such a policy is based upon the presumption that 
qualification is both the beginning and the end of 
welding quality control. Nothing is further from the 
truth. None of the basic factors listed in the Proposal 
can be substituted for any of the others in any well 
organized production setup. 

One may have the most perfect weldment design, 
properly selected materials and procedures and a 


WORK TO BE DONE 


fully qualified production organization but, if all the 
details of pertinent production operations are not 
performed properly, the results will not be all that 
should be expected. The Committee proposes recog- 
nition of the importance of proper supervision of pro- 
duction operations in any welding application. 

8. Inspection 

It is a fundamental fact that the final quality of a 
piece of work cannot be accurately judged until the 
work is completed. The basic function of inspection 
is to determine whether the results of fabrication comply 
with the quality requirements prescribed for the weld- 
ing application. In the fabrication of weldments the 
nature and the extent of inspection of the finished 
work is conditioned upon how adequately the fabri- 
cation operations are supervised and inspected during 
production. The method of manufacture and the 
prescribed quality requirements may dictate inspection 
at certain stages of manufacture in order to accom- 
plish an effective quality control. 

In any specific case, all three interests, as referred 
to previously, have a responsibility in inspection to 
insure that each product produced meets the quality 
requirements dictated by the intended usage. 


This Proposal by the Committee is a statement of 
basic factors and the basic principles concerning them 
for general consideration as a guide for operation in 


applying welding qualification to industrial fabrication. 


The Proposal is incomplete in three respects and it is in 
regard to these three areas that constructive suggestions 
are solicited. 

One area lies in the field of materials and engineering 
development which is No. 2 of the Proposal. It 
relates to the establishment of a yardstick for eval- 
uating the adequacy of welding engineering background 
and fabrication experience for the purpose of determin- 
ing the nature and extent of destructive testing neces- 
sary for qualification in any specifie welding application. 
Such a yardstick must include consideration of the 
minimum properties required for the type of service 
intended for the weldment, together with appropriate 
allowances for prior engineering background and 
fabrication experience of the fabricator. 

With reference to joint welding procedures, which is 
No. 4 of the Proposal, the Committee suggests that 
standard forms for recording these procedures be used 
but drafts of such forms have not been attempted. — It 
is considered that these standard forms may be dif- 
ferent for various welding processes. However, it is 
thought that the factors of joint welding procedure for 
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any welding process may be included under six general 
headings as follows: 


Base Metal 

Joint Design 

Joint Preparation 
Welding Materials. 
Welding Conditions. 
Post-Weld Treatment. 


With regard to qualification, which is No. 6 of the 
Proposal, the Committee has not indicated just what 
standard weld-joint soundness tests may be used for 
qualifying welding personnel. Neither are the standard 
forms of destructive tests for weld-joint properties 
indicated because the nature and extent of such tests 
which may be used in any specific welding application 
will depend largely upon the yardstick for evaluating 
background previously referred to. 


The Committee is hoping to obtain constructive 
Address all 
communications to Technical Secretary, American 
Welding Society, 33 West 39 St., New York 18, 
7. 


suggestions on the above proposal. 
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CONSUMABLE-ELECTRODE INERT-GAS 
WELDING WITH SMALL-DIAMETER WIRES 


Work to date indicates that process is capable of producing excellent- 


qualily welds in thin-gage materials at high welding speeds 


BY K. E. RICHTER AND J. F. M. ESSIG 


INTRODUCTION As originally 
ago, consumable-electrode inert-gas welding was largely 


conceived about eight vears 
limited 
to 12-gage or thicker materials, using */6¢ or s-in. diam welding 
wire. Shortly after its inception, separate investigations were 
undertaken on the adoption of this process lor the welding of 
thinner materials. Once under way, this work involved the ac- 
tive cooperation of aircraft and automotive manufacturers in 


studies concerning the following points: 


l Metal transfer requirements 

2. Wire deposition rates and wire-feed speeds 

3 Constant potential and conventional-ty pe power! supplies 


Manual and mechanized welding techniques 


Investigation results clearly indicated that the consumable- 
electrode inert-gas process produces excellent-quality welds in 
thin-gage materials at high welding speeds Accordingly, 
this paper describes the outcome of past investigations in terms 
of basic problems underlying both manual and mechanized con- 
sumable-eleetrode inert-gas welding with small-diameter wires 
on thin-gage materials. Discussion also touches on equipment 
requirements and welding techniques along with some actual 
applications. The paper is confined to the welding of thin- 
gage stainless and carbon steels; it omits aluminum since prob- 


lems associated with the welding of aluminum are distinctly dif- 


lerent 


Basic Problems 


Type of Metal Transfer 

The first point of investigation was the selection of the 
proper type metal transfer which would permit the 
consumable-electrode welding of thin materials. It 
was evident at the beginning of the investigation that 
two types of metal transfer could be employed. Both 
are shown in Fig. 1. Referring to the illustration, 
normal spray-type metal transfer was found most 
suitable for mechanized downhand welding; and short- 
are type metal transfer was found necessary for manual 
welding, especially in position. The use of this short 
arc permits the weld puddle to solidify rapidly and 
stay in the weld joint. The voltage of the spray-type 
are generally ranges from 22 to 25 v, compared to a 
16 to 21 v range for the short are. The contact tip-to- 
work distance, also shown in Fig. 1, represents the 
electrode extension. The importance of electrode 
extension is discussed in detail under a separate head- 
ing. 
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Depositing vertical-down fillet weld with consumable-elec- 
trode inert-gas process 


SPRAY TYPE ARC SHORT ARC 
a 
: CONTACT TIP TO 


— 
22-25 VOLTS 16-2! VOLTS 


Fig. 1 Comparison of types of metal transfer 
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* 
A-0.015 $S,22 v-3/8" 
B- 0.020 $S,22v-3/8" 
C- 0.030 $$,241/2" 
D- 0.030 CS,24v-1/2" 
E-0.040CS,24V-i/2" 
F- 3/64 SS ,24V-i/2" 
G- 3/64 CS,24V-+/2" 


DEPOSIT) 


@ OROP TO SPRAY TRANSFER 
# CONTACT TIP-TO-WORK 
DISTANCE NOTED 


4 4 4 rN 


100 150 200 250 300 350 400 
WELDING CURRENT, AMPERES DCRP 


Fig. 2 Metal deposition rates for small-diameter carbon 
and stainless-steel welding wires 


MILD STEEL WIRE 030" DIA 
DEPOSITION RATE 7.25 LB./HR. 
600 IPM WIRE SPEED 


410 WIRE DIA 
DEPOSITION RATE 3.42 LB./HR 
150 IPM WIRE SPEED 


WELDING CURRENT (AMPERES OCRP) 


WIRE SPEED AND VOLTAGE 
CONSTANT, C.P TYPE POWER 


4 4 


| 3 
8 
CONTACT TIP-TO-WORK DISTANCE (INCHES) 


Fig. 3 Effect of tip-to-work distance on welding current 


Welding Wire 

The success of consumable-electrode inert-gas weld- 
ing on thin-gage stainless and carbon steel is to a 
large degree dependent upon the quality of welding 
wire used. In selecting welding wire, consideration 
must be given to the following factors: (1) the surface 
cleanliness of the wire because of its pronounced effect 
on are stability; and (2) the type of coiling, and the 
proper wire stiffness since the wire must feed through 
close tolerances of the wire-feed system. 

The welding of thin-gage stainless and carbon steel 
requires the use of wires with a diameter of */¢4 in. or 
less. Investigations showed that larger diameter wires 
such as '/y, in. could not be employed for the welding 
of thin-gage materials since currents required to obtain 
the desired metal transfer were excessive. This made 
it necessary to use smaller diameter wires to obtain 
satisfactory results. It was, therefore, necessary to 
determine the wire deposition rates for each of these 
small-diameter wires within a usable current range 
and the wire feed speeds at the various welding current 
levels in order to select the proper wire-drive unit. 

Wire deposition rates at different current levels for 
the various small-diameter stainless and carbon-steel 
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DEPOSITION RATE VS. WELDING CURRENT 


410 WIRE O15 IN. DIA 
VOLTAGE CONSTANT 22VOLTS 


3 CONTACT TIP-TO-WORK 
DISTANCE 


+ 67! 
contact TIP-TO-WORK 


DISTANCE 


DEPOSITION RATE-LB./HR 
WIRE FEED SPEED-1Pm 


20 30 40 50 60 
WELDING CURRENT -AMPERES DCRP 


Fig. 4 Effect of tip-to-work distances on deposition 


C.P TYPE POWER, 


WIRE FEED SPEED 
CONSTANT 


PERCENT CHANGE IN CURRENT 


4 4 4 4 + 


015 020.025 .030 045 
WIRE DIAMETER (INCHES) 


Fig. 5 Effect of a | ,-in. variance in contact tip-to-work 
distance 


wires used in the investigation are illustrated graph- 
ically in Fig. 2. It can be noted that the minimum 
current required to obtain a spray-type metal transfer 
decreases from 200 to 50 amp as the wire diameter 
decreases from */¢4 to 0.015 in. 

Using currents lower than the transition value at 
these indicated voltages is not generally recommended 
due to the type of metal transfer obtained. However, 
the use of voltages lower than those indicated was 
found to be practical if the short-arc type metal trans- 


fer was desired, provided that a constant-potential 


type power supply was used. The wire burnoff rate 
for stainless steel is approximately 10°) higher than for 
carbon steel as illustrated with the 0.030- and * in. 
wire sizes. 

Wire deposition rates increase as the wire diam- 
eters decrease for a given current. This is due to the 
effect of I°R heating. The wire-feed speed range for 

ein. diam wire is 150 to 600 ipm, whereas the wire- 
feed speed range for 0.015-in. diam wire is 300 to 1200 
ipm., 

Electrode Extension 

A factor affecting wire burnoff and thus influencing 
the type of weld bead obtained is ‘electrode exten- 
sion,’ otherwise described as the distance between 
the torch contact tip and the workpiece. This dis- 
tance was found to be more critical when welding with 
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small-diameter wires than when welding with wires 
having a diameter of '/\s in. or greater. 
Electrode extension affects the amount of [T’R 
As illustrated 


hy the two curves in Fig. 3, welding current is affected 


heating, which takes place in the wire. 


when the contact tip-to-work distance is varied using a 
constant potential-type power supply and a fixed 
wire-feed speed. The top curve illustrates the change 
in current when the contact tip-to-work distance is 
varied using 0.030-in. diam mild-steel wire at a con- 
stant wire-feed speed of 600 ipm. The lower curve 
illustrates the same condition substituting 0.015-in. 
diam stainless steel wire at a wire-feed speed of 1150 
ipm. In both instances, the contact tip-to-work dis- 
tance decreases with welding current increases 

The effect of changing the contact tip-to-work 
distance from */s to *’/, in. on the welding current and, 
thus, on weld-metal deposition when using 0.015-1n 
diam stainless steel wire is shown in Fig. 4. It can be 
concluded from this graph that it is important to keep 
the contact tip-to-work distance constant if weld 
contours are to be duplicated. kor example, having a 
wire deposition rate of 3 lb per hour and a */.-in. con- 
tact tip-to-work distance, the welding current is 40 
amp; whereas, when reducing the contact tip-to-work 
distance to */s in., the current is 60 amp for the same 
wire deposition rate of 3 lb per hour. Resulting 
welds are entirely different in both bead shape and 
penetration due to this 50°; difference in welding 
current. 

Figure 5 illustrates the effect of varying the con- 
tact tip-to-work distance by |, in. when using wires 
ranging in diameter from 0.015 to '/y in. As the 
wire diameter decreases, the percentage of welding 
current change increases for the same !/s-in. contact 
tip-to-work distance variation. 

As illustrated, all effects caused by varying the 
contact tip-to-work distance were obtained using a 
constant potential-type power supply. With a con- 
ventional or drooping-characteristic type ot power 
supply, other effects were noted. If, for example, the 
wire-feed speed is constant, voltage as well as current 
variations occur. If the wire-feed speed is variable as 
is the case with voltage control equipment, changes in 
deposition result. Based on information shown by 
Figs. 1 through 5, it may be concluded that the skill 
required for manual welding becomes greater as wire 
diameters decrease. 

Power Supplies 
The next point of investigation was to determine the 


When 


selecting a power supply, the major consideration is the 


effects of various types of power supplies. 


demand placed upon it by the intended application 
which, in turn, depends on the welding techniques and 
the wire size selected. 

Spray-type metal transfer generally used with 
consumable-electrode inert-gas welding makes no un- 
usual demands on a power supply. The choice between 
constant-potential or conventional types of power 
supplies is largely a matter of personal choice, since both 
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perform satisfactorily with the spray-type metal 
transfer. When, however, the application requires 
use of the short-are technique, additional factors must 
considered. 

The short are is actually a series of arc outages. It 
is thus essential that equilibrium conditions become re- 
established in the shortest possible time. Therefore, 
fast response was found to be a definite requirement 
of the power supply for short-arc metal transfer. Con- 
stant-potential power supplies inherently exhibit a 
fast response and were found essential for welding 
with a short are. 

Welding Technique 

Manual and mechanized consumabhle-electrode inert- 
gas welding of thin-gage stainless and carbon steels 
results in sound welds and a high operating factor. 
Fast welding speeds at low welding currents minimize 
distortion. This is important when welding thin- 
gage material. The shielding gas, which protects the 
weld puddle from the atmosphere, is usually argon 
which contains 5°] oxygen for improved are stability. 
Joint design, preparation and alignment should be 
carefully controlled for both manual and mechanized 
welding. Mechanical wire brushing or degreasing 
improves the quality of the welds in many instances. 
The use of metal weld backing such as copper or stain- 
less steel or a gas backing such as argon, helium or 
nitrogen will depend upon the material, type joint and 
desired weld quality 

Adequate jigging is one of the KeVsS LO successtul 
welding. Insufficient hold-down pressure allows the 
thin-gage sheets to “crawl.”’ This results in varying 
joint-gap spacing between the start and finish of the 
weld. Penetration and weld bead contour are affected 
by any changes in joint opening. Hold-down pressures 
in the order of 400 to 600 lb per linear inch are required 


Fig. 6 Downhand fillet weld on 16-gage stainless steel 
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Fig. 7 Cross section of manual downhand fillet weld in 16- 
gage stainless steel 


Fig. 8 Cross section of manual vertical-down fillet weld in 
16-gage stainless steel 


Fig. 9 Cross section of manual overhead fillet weld in 16- 
gage carbon steel 


to prevent movement of the thin sheets during welding. 
Manual welding in position or downhand using a 
small-diameter wire such as 0.030 in. to weld 16-gage 
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Fig. 10 Mechanized butt weld on 20-gage stainless steel 


015 SS. WIRE 


24 GAGE SS 


020 SS. WIRE 


4 


20 GAGE SS 


le 030 S.S. WIRE 


16 GAGE S$.S.— 


Fig. 11 Cross sections of mechanized butt welds in three 
different thicknesses of stainless steel 


material requires a greater amount of skill on the part 
of the operator than is required to weld 11- or 12-gage 
material with */¢, or '/,.-in. diam wire. It is necessary 
for the operator to control the contact tip-to-work 
distance closely when using smaller-diameter wires as 
previously mentioned. With a little practice, however, 


most operators, who have had experience with manual 
consumable-electrode inert-gas welding equipment, 
can master the techniques and weld in all positions. 
As an example, Fig. 6 shows a downhand fillet weld 


being made on 16-gage stainless steel at a speed of 
22 ipm. The operator is using a short are, 0.030-in. 
stainless steel wire, 120-amp direct current-reverse 
polarity (DCRP), and 35 cfh of M-5 argon. 
section of this weld is shown in Fig. 7. A vertical-down 
fillet weld made on the same material using the same 
welding conditions is shown by Fig. 8 in cross-section 


A cross 
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Fig. 12 Magnified longitudinal weld in '"/3-in. OD 
stainless-steel tubing (cross section and joint preparation 
included). (Reduced by 50% upon reproduction) 


Fig. 13 Welded gear assembly for automotive transmis- 
sions (hub, flange and gear) 


form. Similarly, Fig. 9 shows the cross section of an 
overhead fillet weld, which was made on 16-gage carbon 
steel at a speed of 22 ipm using a short 20 v are and 
0.030-in. diam wire. 

For manual welding, a high degree of operator skill is 
required. For mechanized operations, however, a 
lesser degree of operator skill is required and mechani- 


Aeccord- 


ingly, mechanized consumable-electrode inert-gas weld- 


zation is conducive to more reliable results. 


ing has proved practical on thin-gage material in auto- 
motive and aircraft industries. The use of mecha- 
nized consumable-electrode welding with small-diam- 
eter wire has resulted in increased production, lower 
welding costs and a more uniform weld quality. 

As an example of mechanical welding with the con- 
sumable-electrode process, Fig. 10 shows a butt weld 
being made on 20-gage stainless steel using a 22-v are 
and 0.020-in. diam stainless-steel wire. The contact 
tip extends below the shielding gas nozzle since a */s-in. 


contact tip: to-work distance is being used. 
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Fig. 14 Welded assembly for automotive transmissions 
(shell and skirt) 


In Fig. 11, the cross sections of three butt welds are 
shown as made without the use of a backing; penetra- 
The top 


view in Fig. 11 represents a butt weld on 24-gage 


tion that can be obtained is also illustrated. 


stainless steel made using 0.015-in. diam wire, 75-amp 
DCRP and a 
middle cross section depicts a butt joint on 20-gage 


s-in. contact tip-to-work distance. The 


stainless steel made using 0.020-in. diam wire, 120 amp 
and a */s-in. contact tip-to-work distance. The 
lower cross section represents a butt weld on 16-gage 
stainless steel made using 0.030-in. diam wire, 145 amp 


All three 


butt welds were made mechanically using 35 cfh M-5 


and a '/.-in. contact tip-to-work distance. 
argon at a welding speed of 50 to 60 ipm with the 
spray-type of metal transfer. 

Typical Applications 

Four uses of consumable-electrode inert-gas welding 
with small-diameter wire are described below: the 
welding of thin-gage, small-diameter stainless-steel 
tubing—application of the process to assemblies used in 
automotive transmissions—use of the process for 
welding jet-engine components and for assembling a 
jet-fuel-tank storage and shipping container. 

Figure 12 illustrates results obtained when welding 
stainless-steel tubing. In this application, longitu- 
dinal butt welds were made in '7/3:-in. OD tubing with a 
0.090-in. thick wall. Welding was carried out on a 
joint beveled to 60 deg at 33 ipm using 0.030-in. diam 
stainless-steel wire. 

Different aspects to the welding of carbon-steel as- 
semblies for automotive transmissions are shown in 
Figs. 13, 14 and 15. 


gear assembly after the hub was welded to the flange 


Figure 13 illustrates the internal 


at 85 ipm and after the flange was secured to the gear 


by means of six tack welds. Figure 14 illustrates the 
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Fig. 15 Cross section of circumferential lap fillet weld 


BUTT WELD LAP FILLET WELD 


Fig. 18 Circumferential butt weld for storage and shipping 
container 


LAP FILLET WELD MODIFIED LAP WELO ; } 
results of a subsequent operation where a 16-gage car- 


bon steel shell was joined to an 11-gage carbon steel 
skirt by means of circumferential lap fillet welding at 
90 ipm: a cross section of the joint is shown in Fig. 15. 
All welds were made with 0.040-in. diam carbon steel 


Fig. 16 Four typical circumferential welds for jet-engine 
components made with * 4,-in. diam wire wire. 


. 


Fig. 17 Welded jet-fuel storage tank and shipping container 
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Fig. 19 Circumferential lap weld for storage and shipping container 


Four different but typical circumferential welds as 
are now being made in jet-engine components with 

«in. diam stainless-steel wire are shown schematically 
in Fig. 16. Similarly, four different circumferential 
welds were made during the fabrication of the large 
carbon-steel container for shipping and storing jet fuel 
tanks shown in Fig. 17. One of the four welds was a 
butt weld in 20-gage carbon steel. In the butt-welding 
operation illustrated by Fig. 18, a solid backing was 
used during actual welding; and the weld was made at 
$2 ipm with 0.030-in. diam wire and a short are. The 
second circumferential weld was a lap weld, and the 
third was a fillet weld. Figure 19 illustrates the lap 
weld as it was made with 0.030-in. diam wire at 90 ipm, 
and Fig. 20 shows the fillet weld being made at 94 
ipm with 0.030-in. diam wire and a spray-type are. 
The fourth and final weld was a butt weld joining two 
| ,-in. thick angle sections at 36 ipm with */¢-in. diam 
wire. 
Conclusion 

Based on work to date, inert-gas consumable-elec- 
trode welding with small-diameter wires is a major 
advance in the art. Its higher speeds, lower cost and 
resulting excellent-quality welds are sufficient incen- 
tives to warrant serious consideration of the process 
for many applications in light-gage materials. 
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Fig. 20 Circumferential fillet weld for storage and shipping 
container 
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HOW TO SLICE THICK STEEL 
WITH OXYGEN CUTTING 


Oxygen cutting is the fastest and most economical The oxygen quickly slices a narrow slit or kerf 
method of severing iron and steel. It utilizes the rapid through the steel. When you cut 12-in. thick steel, 
chemical reaction between heated iron and oxygen: your oxygen pressure must be between 80 and 90 |b per 
when iron is heated red hot and exposed to high- sq in. to provide enough force to blow the liquid iron 
purity oxygen, an intense reaction takes place; enough oxide out of the cut. 


heat is liberated to melt the iron oxide that is formed 


and also heat some of the unoxidized iron or steel to a Point nozzle away trom 


work when startin g 


point where it too becomes liquid. 

Under the influence of this heat, the oxide formed is A7-s¢ ‘6rt#e” 
molten and flows or is blown away, exposing more 
metal to the action of the oxygen. 

However, due to the chilling effect of the surround- 
ing metal and the cutting-oxygen stream, the heat re- 
sulting from the reaction is not enough to keep the 
reaction going. For this reason, oxyacetylene cutting 
torches provide one or more small oxyacetylene 
flames for preheating (see Fig. 1). During the opera- 
tion, these flames supply heat to the point of cutting 
keeping the metal at a red-hot temperature where it 
will react with the cutting-oxygen stream. 

With a cutting attachment on your oxyacetylene 
welding torch, you can cut through steel up to 8-in. 
thick. But with a heavy-duty cutting torch, you can 
make smooth, high-quality cuts in heavy steel sections 
up to 12-in. thick— and in a matter of minutes too. 

To cut such thick steel, first point your torch slightly 
away from the work and use the preheat flames to heat 
a small area at the start of the line of cut (see Fig. 2). 
When the spot on the top surface turns bright red and 
begins to melt, press down the oxygen lever. 


Fig. 2. Heat a bright red spot at the start of the line of cut. 
When the spot begins to melt, turn on the cutting oxygen. 
This cut is being made in a steel slab 12-in. thick 


Based on a story by the Linde Co., New York, N. Y. 


PREHEAT END OF 
ORIFICES NOZZLE 
LINE 
CUTTING- 
OXYGEN PREHEAT 
ORIFICE ORIFICES 


NOZZLE SETTING FOR SQUARE CUT 


Fig. 1 Be sure to use the correct nozzle for the job. Place Fig. 3. Straighten the torch so that the nozzle is straight up 

the nozzle in the torch so that the preheating flames heat and down. Begin moving the blowpipe as soon as the 

the steel ahead of the cutting-oxygen stream cut is all the way through the 1 2-in. thick steel 
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Once the cut is started, turn the torch into the work the torch steadily along the line of cut. And don’t 


so that the nozzle is straight up and down (see Fig. 3). move too fast—this is thick steel (see Figs. 4 to 7). 
When the cut goes all the way through the steel, move 


Fig. 4 Steadily follow the line; the cut should be going Fig. 6 The cut should come through the side of the work 
straight through the work. And remember: this is thick from the bottom to the top. Continue moving steadily 
steel—don't move too fast or you'll lose the cut until you've finished the job 


Fig. 5 Using the angle iron as a pivot, swing the blowpipe Fig. 7 By moving the blowpipe at a steady rate, you can 
slightly forward as you move along. Maintain the pivot- make a smooth, high-quality cut like this one. This 120-sq 
ing action by rolling your hand supporting the blowpipe in. section was sliced cleanly in 120 seconds 


SEPTEMBER 1957 Practical Welder and De signe r 


. 
« 
fA 
= 
le! 
901 


CARRYING COAL TO NEWCASTLE 
WAS NEVER LIKE THIS 


Before long, coal should be flowing over the hills of 
Ohio through this 10-in. pipe line, running 108 miles 
from the Hanna Coal Co. strip mines, south of Cadiz, 
Ohio, to the Cleveland Electric Llluminating Co.’s 
Eastlake Generating Plant, just east of Cleveland. 
The coal, pulverized and suspended in water, will be 
pumped through the line at a rate approximating 
3'/5 mph, then dried and fed into the station steam 
generating boilers. It is anticipated that the line will be 
capable of delivering 1,300,000 tons of coal each year. 


Based ona story by the Lineoln Eleetrie Co , Cleveland, Ohio 


Fig. 1 The line-up gang, stringer pass and hot pass welders 
approach Lake Erie and work under the high voltage trans- 
mission lines coming from the power-generating plant to 
which this pipe line will carry coal 


The crews averaged better than 2' » miles a day, in spite of unusually wet 
weather. 


Fig. 2 These stringer pass welders are using °/3-in., 
E6010 electrodes and two 300-amp diesel-driven welders 
mounted on the rig in the background 
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The Pittsburgh Consolidation Coal Co., after 5 years of 
research, decided that this was a feasible way to trans- 
port coal and is now in the process of making this idea a 
reality. 

The line, the first of its kind in the United States, 
involved some interesting welding, since, because of the 
erosive-corrosive nature of the material being trans- 
ported through the pipe, it was necessary to use heavy 
wall sections and high-tensile steel (see Figs. 1-4). 


Five different pipe wall thicknesses were used. Sixteen 


Fig. 3 Three hot pass welders are using the rig, mounting 
two diesel-driven welders and one gasoline engine-driven 
welder 


Two hot passes were made, using °, y-in., E7010 electrodes. 


shown here 


The ‘/s-in. wall pipe was welded with 16 passes; z-in. wall, with 11 
passes. Approximately 150 welders were tested to qualify the 22 used 


on the line. E7010 electrodes of */\,-in. size were used for filler passes. 
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“STAINWELD” by Lincoln 


The easiest operating electrode 
for welding stainless steel! 


For quality and speed on stainless steel, there’s 
no equal to Lincoln Stainweld electrodes. 

Their easy operating characteristics make 
Stainweld well-suited for both flat and out-of- 
position work—overhead, vertical up or vertical 
down. 


Special types available for 18-8, 18-12, 25-12, 
and 25-20 stainless steels. 


Bulletin SB-1352 has complete | Pe. 
specifications and procedures. 


/* 
Write for it. 


THE LINCOLN ELECTRIC COMPANY 


DEPT. 1932 ¢ CLEVELAND 17, OHIO 


The World's Largest Manufacturer of Arc Welding Equipment 


Stainweld peak 
electrodes dependability 


Ye 


save you 
money 


USE ANYTHING BUT 
STAINWELD FOR STAINLESS? 


For more details, circle No. 8 on Reader Information Card 
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All pipe used 
The bulk of the pipe was 
furnished with a 30-deg bevel for welding on the end. 


passes were used on the heavy-wall pipe. 
was 5LX-42 specification. 


A relatively small amount of pipe was furnished with 
37'/o-deg bevels. Stringer beads were used for all 
passes, except the cap pass which was a wide weave. 
In cold weather, pipe was welded without preheating by 
Filler 


pass welders moved in quickly behind stringer and hot 


not allowing the pipe to cool between passes. 


pass welders. Filler pass welders would keep two joints 


hot at the same time by alternating their welding back 


and forth between the two joints. In order to prevent 
underbead cracking, it was necessary to have stringer 
bead welders strip 3 in., top and bottom, before moving 
E6010 


electrodes were used for stringer passes; E7OLO elec- 


pipe to make the next line-up. ge-In. diam 
trodes were employed for two hot passes; and *, j»-in. 
E7010, for filler passes. E6010 electrode was used for 
the cap pass. The line used two men welding stringers, 
3 on hot passes and 12 on filler passes. Three diesel 
engine-driven welders and 19 gasoline engine-driven 
welders supplied the welding crews. 


ALUMINUM-BRONZE FABRICATED HAWSE 
PIPES FOR LONGER SERVICE LIFE 


BY WILLIAM F. HOFFMANN 


Hawse pipes similar to the one shown in the accom- 
panying Fig. | are fabricated in the shops of Peterson 
Builders, Inc., at Sturgeon Bay, Wis., in construction 
work relative to the Navy minesweeper program. 
This company also produces a wide selection of quality 
barges, pleasure boats and sail boats by modern 
manufacturing methods for use in inland and coastal 
waters. 

The hawse pipes are fabricated from manganese- 
bronze cast sections welded together with ECuAl-A2 
spooled wire and the inert-gas metal-are process to 
secure the highest quality joints possible at the lowest 
cost. 

The edges of the cast sections are prepared to pro- 
vide a single U-groove 2-in. deep and 1! .-in. wide at the 
top upon assembly. The joints require ten layers of 
weld metal depositing ' y-in. ECuAl-A2 wire with 
reverse polarity, direct current at 350 amp and 29 
volts. Argon gas was used with a wire. feed of 300 
ipm. No preheat or postheat treatment was required. 

To resist wear and assure a long life, the area of the 
hawse pipe coming into contact with the Hadfield 
steel chain is subsequently overlaid with one layer of 
ECuAl-A2 and the inert-gas metal-are process to pro- 


William F. Hoffmann is associated with Machinery & Welder Corp. 
All photos court esy of Ampco Metal, Inec., Milwaukee, Wisc. 
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Fig. 1 Hawse pipes being fabricated from manganese 
bronze cast sections welded together with ECuAI-A2 spooled 
wire and inert-gas metal-arc process 


vide a good bond with the manganese bronze. ‘Then 
the ECuAl-A2 deposit is overlaid with RCuAl-D 
36-in. filler rods and the inert-gas tungsten-are process 
to provide a hard wear-resisting deposit (310-340 
Brinell). 
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MACHINE CUTTING TORCHES 


Two Hose Type Three Hose Type 


MT-200 SERIES for medium pressure acetylene. MT-300A SERIES for medium pressure acetylene. 
MT-200 LPCG SERIES for low or medium pressure fuel § MT-300A LPCG SERIES for low or medium pressure fuel 
gases such as city, natural or petroleum gases. gases such as city, natural or petroleum gases. 


Designed for general purpose machine cutting. All commercial fuel gases 
commonly used for machine cutting can be utilized by selection of the 
proper size and type of Victor cutting tips and torch model. 


These New Victor machine cutting torches feature— 


Stainless steel mixing chamber. gos quick-acting cutting oxygen valve with long 
ife “O” ri *king. 
Time-tested Victor Spiral Mixer for maximum effi- 


ciency and heat resistance. Preheat gas valves with stainless steel ball points and 


special packing design to hold valve adjustments 
Convenient control valves for ease of operation. steady. 


For model, type and size best fitted to your needs, call your Victor 
dealer . . . or write us for descriptive bulletins. 


VicIOR EQUIPMENT COMPANY 
a. 4 Mfrs. of welding & cutting equipment; hardfacing rods, blasting nozzles; 
for welding cobalt & tungsten castings; straightline and shape cutting machines. 41 


# 


ws 


844 Folsom St., San Francisco 7 + 3821 Santa Fe Avenue, Los Angeles 58 
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Irving Joins Welding 
Journal Staff 


On May 1, 1957, Robert R. Irving 
joined the staff of Tue Wetpine 
JOURNAL in the capacity of assistant 
editor. In his new position Mr. Irving 
will participate in the over-all editorial 
responsibilities as well as in the pro- 
motion of advertising. A native of 
Philadelphia, he is 30 years of age. 

Mr. Irving graduated from the 
University of Pennsylvania in 1951 with 


Robert R. Irving 


a Bachelor of Arts degree. While at 
Penn, he was a member of Delta Tau 
Delta Fraternity. 

Prior to coming to the AWS. Mr. 
Irving was employed in the welding 
division ol Morris, Wheeler & Co., Inc., 
in Philadelphia in purchasing and sales 
capacities. Active in the Philadelphia 
Section of the American Welding 
Society, he served three years in the 
appointed post of assistant secretary 
and also edited the Section’s meeting 
notice bulletin. Mr. Irving was the 
secretary of the Philadelphia arrange- 
ments committee during the recent 
AWS Annual Show and Adams National 
Meeting in April. 


Schultz Named Director of 
District 5 


On May 31, 1957, District 5 of the 
AMERICAN WELDING Sociery elected 
Harold Fk. Schultz as District Director 
to fill the vacancy created by the death 
of Lew Gilbert. 

Harold FE. Sehultz, Manager of Ap- 
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plications and Processes Engineering at 
General Electric, Evendale, Ohio, is a 
graduate of Oklahoma A. & M., joined 


Harold E. Schultz 


General Electric in 1942, serving first in 
the Engineering Test Program. From 
1943 to 1951 he was a Welding Engineer 


at the Thompson Laboratory, General 
Electric River Works, Lynn, Mass., and 
in the spring of 1951 received the assign- 
ment of organizing and heading up the 
Welding Unit of the Aireraft Gas 
Turbine Plant Laboratory in Evendale, 
Ohio. This led, in 1953, to the position 
of Manager of Welding and Heat Treat- 
ment in the Materials Laboratory of the 
AGT Development Department. His 
present duties include the application of 
new developments in the field of proc- 
esses, materials, ete. to advanced ject 
engine design and manufacture. 

He is a member of the AMERICAN 
WELDING Society, a former member of 
the Executive Committee, Cincinnati 
Section, and a past Chairman of the 
Section. He also maintains active 
membership in the Aireraft Advisory 
Committee of the Welding Research 
Council, and the Resistance Welding 
Committee. He also served as the 
General Chairman of the Central States 
Welding Conference held in Cincinnati 
during the spring of 1957. 


AWS DIRECTORS-AT-LARGE 


1958 
F. H. Dill 
E. D. Peters 
J. L. Wilson 


Term Expires 


R. J. Yarrow 


J. H. Blankenbuehler 
G. E. Linnert 
P. G. Parks 


F. H. Stevenson 


1960 
J. F. Deffenbaugh 


1959 


A. E. Pearson 
C. M. Styer 
R. M. Wilson, Jr. 


AWS DISTRICT DIRECTORS 


District No. 1*New England Sidney Low 


District No. 2*Middle Eastern D. B. Howard : 


District No. 3*North Central H. E. Miller 
District No. 4*Southeast E. C. Miller 
District No. 5*East Centro! H. E. Schultz 


District No. 6*Centrai Keith Sheren 


District No. 7* West Central A. F. Chouinard 


District No. 8*Midwest F. G. Singleton 
District No. 9*Southwest P. V. Pennybacker 


District No. 10* Western C. L. Breese 


District No. 11 «Northwest C. B. Robinson 


OTHER DIRECTORS 


Honorary Life Director C. A. Adams 


Junior Past-President F. L. Plummer 


Junior Past-President J. H. Humberstone 


Junior Past-President J. J. Chyle 
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Effect of Welding on Notch Toughness 
of USS “T-1” Steel 


THE EFFECT OF WELDING on the notch toughness of 
steel is normally determined by Kinzel-type notch 
bend tests on welded and unwelded plate in the 
quenched and tempered condition. Details of the 
welded plate specimen are shown in Figure 1. The 
unwelded specimens are identical to the welded, 
except for the omission of the weld. The plate tem 
perature prior to welding is 70° F., and after weld 
ing, the specimens are aged at 50-80° F. for a mini- 
mum of three weeks. The specimens in sets of about 
25 are then bent at various temperatures with the 
weld bead in tension as shown in Figure 1. In general, 
three specimens are tested at each temperature. 


INFORMATION DETERMINED FOR EACH SPECIMEN TESTED 
1. Total (maximum) angle of bend and angle of 
bend at maximum load. Obtained from deflection- 
angle curve. 
2. Fracture mode expressed as per cent shear. Ob 
tained by observation of fracture. 
The data obtained are plotted on the basis of testing 
temperature, and envelopes are drawn around the 
plotted points to indicate the amount of scatter. The 
curves for 44”-thick USS “T-1” Steel plate welded 
with E-12015 electrodes are shown in Figure 2. The 
data are for specimens taken longitudinal to the final 
rolling direction of the plate. 


TO DETERMINE DUCTILITY-TRANSITION TEMPERATURES, 
the middle of the temperature range in which the 
total angle of bend drops rapidly to a low value is 
chosen. This is the temperature at the middle of the 
“scatter band” in the angle of bend curve in Figure 2 


THE FRACTURE-APPEARANCE-TRANSITION TEMPERATURE 
is also determined. As used here it is the temperature 
at which 50°% of the fracture occurs in the shear 
mode, i.e., 50% of the fracture is fibrous. Typical 
curves are shown in Figure 2. 

The results of notch-toughness studies on 14”- 
thick plate are given in the Summary, below. The 
Summary includes data for Regular Quality plate 
as well as data for Firebox Quality plate. 

It should always be borne in mind that at the 
present time there is no absolute correlation between 
transition temperature as obtained experimentally 
with the various types of specimen and service per 
formances. Results obtained from the same types of 
tests on different steels should be very useful in es- 
tablishing the relative merit of the steels. 


REMEMBER THIS: No other alloy steel offers the 
combination of properties that “T-1” Steel pos 
sesses. Here, in just one steel, you get very high yield 
strength (90,000 psi minimum), extraordinary 
toughness, great resistance to impact abrasion, and 
good high temperature strength. These let you re 
duce the size of highly stressed parts... save weight, 
reduce the amount of welding required and cut your 
costs. USS “T-1” Steel is being used in bridges, ex 
cavating equipment, pressure vessels, towers . . . in 
equipment that must take heavy abuse in sub 
freezing temperatures in equipment that must 
withstand heavy stresses and impact abrasion at 
temperatures as high as 900° F. 
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ENLARGED SECTION 8-8 


WELDING CONDITIONS 
current (amps) 180: voltage 2 
(in./min.) 6.0; heat input (watt in 


electrode diarneter 3. 
7: speed of travel 
18 000 


Details of Kinzel-type notch-bend specimen and of 
testing jig. 


PER CENT 


mt woot 
£48 2 8 


TESTING Témet 


TESTING TEMPERATURE 
Fig. 2. Measurements and transition-temperature selection 
criteria in Kinzel-type notch-bend test 


Summary of notch-toughness test data on +2” USS “‘T-1” 
Steel plate (heat No. 741236) 


Type | Specimen 
of Plate Orientation 


Fracture- 
Appearance- 
Transition 


Ductility- 
ransition 


Specimen T 
temp., F 


Condition 


ctrode 


/ 
Selectec 
E12015 ¢ 
E9015 electrodes; Stress-relieved at 1100°F 


FOR COMPLETE INFORMATION about the appli 1d fabrication 
of USS “*T-1" Steel 
United States Steel 


burgh 30, Pa 


uss CONSTRUCTIONAL ALLOY STEEL 


ition 
write for our new comprehensive booklet to 
Room 2801, 525 William Penn Place, Pitts 


“USS” and “T 
United States Steel Corporation, Pittsburgh 
Columbia-Geneva Stee! Division, San Francis 
Tennessee Coal & Iron Division, Fairfield, Ala 
United States Steel Supply Division, Warehouse Distributors 
Soast-to-Coast 


United States Stee! Export Company, New York 


UNITED STATES STEEL 


egistered trademarks 


4 
4 
3 
DETAIL OF NOTCH -ENLARGED SECTION A-A 
4 
a WELD wera 3 
7 
: 
TRANSITION BASED ON TRANSITION GASED OM 
TRansivion | TRANSIT le 
: Kinzel notch-bend | Firebox Quality | Long nwelded minus 68| minus 67 
Kinzel r bend | Regular 0 y welded us 128 
Kinzel notch-bend | Regular Quality welded 3] 
Kinzel notch-bend | Regular Quality Welded 32 | minus 89 ‘ 
Kinzel notch-bend | Regular Quality | Tra Welded us 112 
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Danny says: 


“Slag removal is 
a snap with 
Airco 78E 


electrodes” 


I find that easy slag removal 
is just one of the many ad- 
vantages of Airco 78E elec- 
trodes. This deep penetrating, 
all position electrode produces 
high quality weld metal which 
sets up rapidly. It’s free from 
porosity, even when welding 
in the vertical down position. 
I especially recommend it for 
welding mild steel where high 
ductility and tensile strength 
are essential. 

Why not send for the free Airco 
Electrode Guide which will help you 
select the right electrode for your 
specific job. Request catalog 1318. 


Air REDUCTION 
SALES COMPANY 


A Division of 
Air Reduction Company, Incorporated 
150 East 42nd Street, New York 17, N. Y. 
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Phillips Appointed 
Secretary to EAC 


Arthur L. Phillips, editor of the 
WELDING HANDBOOK, has been 
appointed Secretary to the Educational 
Activities Committee for the current 
year. He will continue his editorial 
duties and devote his time to both 
activities, 

Educated in England, Mr. Phillips has 
American, Canadian and British in- 
dustrial and editorial experience. In 
the editorial field he has done feature 
writing and technical magazine editing. 
He has written and directed motion 
pictures on welding and prepared the 
script for film strips and the slides for 
educational lectures. He has written 
lectures on specific aspects of welding 
and prepared a correspondence course 
on practical welding. Under his super- 
vision a week’s training course was pre- 
pared and recorded and an explanatory, 
fully illustrated booklet designed which 
the student studied while the records 
were played. 

Mr. Phillips joined the staff of the 
AMERICAN WELDING Soctery in 1955. 


Welding Courses at Drexel 


The Philadelphia Section of the 
AMERICAN WELDING Soctrery will spon- 
sor two welding courses this coming 
year at the Evening College of Drexel 
Institute of Technology. Each of the 
two courses will be offered in three parts 
of twelve weeks each on Tuesday even- 
ings from 7 to 9:40 P.M. 

The basic course, “Principles of 
Welding Engineering,” will deal with 
welding processes, welding design, codes 
and specifications and inspection. The 
advanced course, “Elements of Welding 
Metallurgy,” cannot be taken without 
the successful completion of the basic 
course. Among the topics to be studied 
are the effects of heat on ferrous and 
nonferrous metals and the uses ef rod 
coatings and flux. 

More particulars on the program will 
be presented at the Philadelphia Sec- 
tion’s monthly meeting on September 
16th at Drexel Institute. 

This educational program was inaug- 
urated in 1952. 


Richard C. Wiley of California Poly- 
technic Institute, chief judge for the 
California ‘‘Future Farmers of America” 
statewide welding competition, is seen 
here accepting the trophy from W. W. 
Walker, AWS Student Chapter chair- 
man. By means of this contest Cal 
Poly’s Chapter will endeavor to promote 
an interest in the welding field through- 
out the high schools of California. 


Cal Poly Student Chapter Active 


During the past summer the AWS 
student chapter at California State 
Polytechnic College initiated a summer 
employment program in conjunction 
with the San Jose Section. Question- 
naires were mailed to various employers 
who were active in AMERICAN WELDING 
Society functions to determine each 
firm’s interest in such a program. Then 
each student was evaluated for his 
ability toward various occupations and 
a list of applicants was submitted to 
each prospective employer. This was 
an interesting attempt to qualify stu- 
dents for the right job. 


New AWS Supporting 
Company Members 


Four new Supporting Company Mem- 
ber enrollment applications have been 
received from the following organiza- 
tions: 

All Metal Mfg. Co., 2740 W. 50th St , 
Chicago, Il. 


Temporary By-laws, voted by AWS Board of Directors at their meeting on 


April 11, 1957, have now been approved by members of the Society. 
Report of the Tellers Committee discloses that the 


closed on Aug. 15, 1957. 


Balloting 


number of negative votes was far below the number required for rejection of any 
amendment and that most amendments were approved almost unanimously. 


Society News 
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INDUSTRY'S MOST COMPLETE RESISTANCE 
ELDING APPLICATION RESEARCH FACILITIES 


In response to industry’s rapidly growing in- 
terest in resistance welding, the facilities of 
the Sciaky Research Division have been made 
available for contract research in the applica- 
tion of resistance welding. 

These facilities include an experienced engi- 
neering staff, a complete range of the most 
advanced resistance welding machines includ- 
ing the largest spot welder in the world and 
a laboratory equipped for metallography, 
chemistry, electronics, photography and test- 
ing as applied to resistance welding. 


Typical projects include: Coordination of 
design and production for resistance welding; 
research on the weldability of new metals: in- 


vestigation of weldability and pilot run of new 
product; research to develop data for roll spot 


If you have a fastening requirement, here is 
the place to determine objectively the feasi- 
bility of resistance welding. Send an outline of 
your problems and ask for the 20-page Re- 
search Division brochure. Sciaky Bros., Inc., 
15,000 1919 W. 67th St., Chicago 38, Ill., POrtsmouth 
in the application of resistance welding 7-5600. 


HELPS PUT PROFIT 
INTO MANUFACTURING 
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Chain Belt Co., 4701 W. Greenfield 


Ave., Milwaukee, Wis. 

Gorham Mfg. Co., 333 Adelaide Ave., 
Providence 7, R. I. 

Service Mfg. & Supply Co., 315 E. 
State Fair, Detroit 3, Mich. 

All these enrollments 
tive on Aug. 1, 1957. 


became effec- 


Miller Electric Adds 
to Sustaining Membership 


An additional Sustaining Member- 
ship in the AMERICAN WELDING SocIgTY 
has been obtained by Miller Electric 
Mfg. Co., Ine. of Appleton, Wis. 

Miller Electric Was incorporated in 
1929 as manufacturers of a-c are welders. 


They now manufacture a-c and d-c¢ 
welders, a-c d-c combination welders, 
gasoline-driven are welders and spot 


welders in various sizes. In a-e welders, 
Miller builds models ranging from 100 to 
1500-amp output. Selenium rectifier 
type d-e are welders are manufactured in 
sizes ranging from 200 to 600 amp. 
Duplex models are made in three sizes 
from 600 to 1200 amp. A-c high-fre- 
quency inert-gas welders are also avail- 
able in three sizes. Constant voltage 


APPLICATOR 
BARS 
Write for 
complete 
“how-to- 
do-it” 
details. 


type d-c welders are made in 300, 500, 
and 1000 amp. Miller manu- 
factures a-c and d-c gasoline engine 
driven welders, combination power 
plants and spot welders, both portable 
and stationary. 

The new Sustaining Member repre- 
sentative is C. B. Abel. 


also 


Insley Manufacturing Now 
A Sustaining Member 


Manufacturing Corporation 
became a sustaining member of the 
AMERICAN WELDING Society. The or- 
ganization maintains general offices and 
factory in Indianapolis, Ind. West 
Coast division offices and factory are 
maintained in LaPuente, Calif., while a 
wholly owned subsidiary, The Maxi 
Corp. operates in Los Angeles, Calif. 


Insley 


Product line includes: crawler or 
rubber mounted shovels, backhoes, 
cranes, Clamshells, draglines, magnet 
cranes and log loaders. Additional 


products include self-propelled carriers 
for cranes and concrete handling equip- 
ment consisting of buckets, carts and 
hoppers. 

The Sustaining Member representa- 


tive is H. T. White. 


ELECTRODES 


@ Outlast new parts — cost less. 


® Easier application — less down time. 


wtto, 
vo 


£ PORT AVENUE at JULIA ST. ELIZABETH, NEW JERSEY 
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® Polish to slick finish — less friction wear. 


For Best Results Use MANGANAL WELDING ELECTRODES 


STULZ-SICKLES Co. 


NEAREST OISTRIBUTO 
UPON Rg QUEST 


Society News 


Socony Mobil Becomes AWS 
Sustaining Member 


Socony Mobil Oil Co. is one of the 
latest organizations to become a sustain- 
ing member of the AMERICAN WELDING 
SOCIETY. 

Socony Mobil is a major supplier of 
high quality petroleum products used 
in the automotive, marine, industrial, 
aviation, railroad and agricultural fields 
and in the home. Among petroleum 
products marketed by the company, 
nearly all under the Mobil brand, are 
gasoline, motor oils and greases, indus- 
trial waxes, liquefied petroleum gas, 
certain petrochemicals and industrial 
paints. 

Socony Mobil owns and operates 1S 
refineries and 3 paint plants. Its 12 
refineries in the U.8., listed in order of 
crude-oil capacity, are situated at 
Beaumont, Tex.; Torrance, Calif.; 
Paulsboro, N. J.; East St. Louis, Ul.; 
East Chicago, Ill; Ferndale, Wash.; 
Augusta, Kans.; Trenton, Mich.; Buf- 
falo, N. Y.; Brooklyn, N. Y.; Casper, 
Wyo.; and East Providence, R. I 
The company has 6 refineries in Europe. 

Kk. L. Sinelair has been designated by 
Socony Mobil as the official Sustaining 
Member representative. 


American Messer New 
Sustaining Member 


The firm of American Messer Corp., 
405 Lexington Ave., New York 17 
N. Y., has been added to the increasing 
number of Sustaining Members of the 
AMERICAN WELDING SOCIETY. 

American Messer Corp. is an Ameri- 
can firm affiliated with Adolf Messer, 
GmbH, Frankfurt am Main, Germany. 
The Messer firm has been active in the 
field of welding and cutting machines 
for over a half century and has been 
active in the United States for most of 
these years. 

American Messer Corp. now offers 
American industry a complete line of 
hand and automatic cutting machines. 
These include a new sine-cosine machine, 
the Sicomat, with electric eye control, 
employing a new position drive prin- 
ciple which insures accurate electronic 
following independent of the number of 
torches or drive obstructions, and 
further, permits the electronic following 
of '/. seale drawings from a remote 
location. 

In addition to cutting machines, 
Messer fabricates plants to produce 
oxygen, argon and nitrogen as gaseous or 
liquid products. These plants range in 
size from 5 to 150 tons/day oxygen 
capacity. 

The Sustaining Member representa- 
tive is E. A. Johnson, Jr. 
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Allied designed and built air operated 
machine for drilling 20 holes simul- 
taneously in trailer floor. 


how big your 


If it involves special equipment for a production 
welding operation it may not be a problem at all— 
just an assignment when placed in competent hands. 


Allied designed and 


and under arc welder. Welds automo- 
tive frame X member. 


This is our kind of work — we specialize in it — 
do it every day; designing and building special 
machines for welding everything from bathtubs to 
trailers, frequently including provisions for 
automatic handling and transfer where the 
job is a part of a production line set-up. 
We're no brain trust here at Allied Welder, but we 
keep some awfully important production people 
happy with our creative designing and 
manufacturing know-how, delivery, too. 


Allied designed and built automatic two- 

stage resistance welder with transfer May we work with you on your next job? 
and turn over devices. Welds radiator 

support assembly. 


CORPORATION 


8700 BRANDT DEARBORN, MICHIGAN 


Standard Special Automation Automatic Welding 
Welders Welders Equipmert Arc Welders Guns 
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THINGS YOU SHOULD KNOW 


(That Happened in July) 


e President D. F. Ellis of The Aus- 
tralian Institute of Welding visited 
with AWS President C. P. Sander and 
your Secretary here in New York 
during July. Mr. Ellis, who is associ- 
ated with a manufacturer of welding 
supplies in Australia, inspected plants 
of several manufacturers and fabricators 
in the United States. 

July 5th your Exposition 
Committee, with T. 8. Long as Chair- 
man and with President Sander in 
met in New York to recon- 
sider possible sites for the 1959 Expo- 
sition and Annual Meeting, which had 
been tentatively planned for Buffalo. 
Following a thorough study of the 
relative advantages of available sites it 
was voted to hold the 1959 activities in 
Chieago from April 6th to 10th. It 
was further agreed to hold the 1960 
Exposition and Annual Meeting in 
Los Angeles from March 28th to April 
Ist 

e Your Technical Division has pub- 
Filler Metal Comparison 
These are designed to answer 
such questions as: (1) what classifica- 
tion is Brand X?; (2) is Brand X the 
Brand Y?; 


attendance, 


lished new 
Charts. 


same classification as 


(3) who makes it and distributes it? 
We believe this to be the most compre- 
hensive group of charts available show- 
ing the AWS-ASTM classifications and 
the filler metals. 

e The first section of the Fourth 
Edition of the Handbook is now in the 
hands of the printer and should be 
available for distribution when you read 
this. 

e Elsewhere in this copy of THE 
Wetpinc JourNAL you will find an 
article “The Welding Qualification Prob- 
lem ” which is the result of several years 
of committee work and gives a history 
of the problem, a proposal and an expla- 
nation of the various factors. Read 
this and send your comments to our 
Technical Secretary. 

e H. F. Reinhard, Chairman of your 
Public Relations Committee, has acted 
promptly and effectively on two or more 
occasions this summer to alert all in- 
terested groups concerning 
state laws dealing with the regulation 
of welders or welding. 

e President C. P. Sander has sched- 
uled the next meeting of your Board of 
Directors for November 7th in Hotel 
Sherman, Chicago. During this week 


pre sed 


the American Society for Metals will 
be holding its annual meeting, the 
Metals Show and the Second World 
Metallurgical Congress. An AWS com- 
mittee is planning three panel sessions, 
to be held November 4th and Sth, on 
“Ship Welding,” “Electrodes” and 
“Stress Relieving and Preheating”’ with 
one-half of the panel members repre- 
senting foreign countries. On Nov- 
ember 6th the AEC Welding Committee 
will hold open sessions on “‘Welding of 
Stabilized 18-8 Stainless Steel’ and 
“Welding of Rare Metals.’’ A general 
session on “Automatic Welding’ may 
be held on November Sth. It is 
probable that other AWS committees 
will hold meetings in Chicago at this 
time. 

e John Blankenbuehler and members 
of his Member Classes Committee are 
studying problems involved with the 
establishment of a professional member- 
ship to be known as “‘Welding Engineer” 
or “Fellow.” They are also considering 
a “Welding Operator’ 
They would welcome your suggestions 
concerning these or other membership 
classifications. 

e H. A. Sosnin and Prof. R. C. Wiley, 
who are both very active in connection 
with our education committees, spent 
July 25th at Headquarters, and met with 
EAC chairman C. FE. Jackson and others 
in Philadelphia on July 30th. 


Fred L. Plumme r 


membership. 


EAC DOINGS 


Chairman's Review of EAC Progress 


by Clarence E. Jackson 


As it enters its second year, the Edu- 
cational Activities Committee has com- 
pleted a preparatory period in which 
many surveys and investigations have 
been conducted into the many fields of 
welding education. All of these inves- 
tigations and surveys have led to one 
conclusion—the vital need for welding 
education in all branches of engineering. 

There is not a single level upon which 
welding education can be considered 
adequate. 

Despite the seriousness of this situa- 
tion, we are happy to have evolved 
something concrete out of what at 
first appeared to be an almost hope- 
less educational situation. We have 


Clarence E. Jackson, Chairman, Educational 
Activities Committee Research Metallurgist 
Linde Co., Newark, N. J 
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reached a stage where, having surveyed 
the field, we are in a position to advise 
courses of action and also to implement 
these actions. 

Having reached this stage, it is 
necessary to coordinate the actions of 
our committees and to use the facilities 
at headquarters to open up our lines of 
communication. We have secured the 
services of Arthur L. Phillips, at national 
headquarters, who will act as Secretary 
to EAC and liaison between EAC, the 
committees and headquarters. 

It is vitally necessary to have someone 
at headquarters to whom all the infor- 
mation can be channeled and who, being 
in touch with Socrery policy at all 
times, can advise upon policy matters 
which are bound to crop up in these 
varied activities. 


Society News 


Eight committees have been ap- 
pointed and these will form the nucleus 
of many more committees and task 
forces which will be needed to explore 
the many facets of education in the 
metal-joining field. 

In the sections a great deal of educa- 
tional activity is apparent. An educa- 
tional representative has been appointed 
by most of the sections throughout the 
country. This is a big step forward. 
It provides an avenue of communication 
for each section. Both the section and 
ourselves can be advised upon what is 
needed and what will have to be done to 
provide the education required in a 
particular area. This information, 
channeled through EAC, is going to be 
a very fruitful source of ideas. It will 
help in the preparation of material which 
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keeps 
stainless steel 
6 ” 
clectrodes“ oven fresh 
in re-usable aluminum 
container — eliminates 
special storage facilities ! 
Airco Stainless Steel Electrodes are now packed 
in seamless aluminum containers. Each “POP” 
can contains 10 pounds of electrodes, and is 
“avi sealed with a waterproof airtight industrial tape. 
a, 6 Ye f This hermetic electrode packaging technique is the best 
te 


way to keep stainless steel electrodes “oven fresh”— 


without benefit of special shop or field storage equipment. 


Unused electrodes can be kept fresh by resealing the can. 

a Airco Stainless Steel Electrodes, in the “POP” can, are 
but one of many types in Airco’s complete line that also 

includes hard-facing, cast iron, mild steel, general, and special 
purpose electrodes. Send for the free Airco Electrode Guide 
which will help you select the right electrode for your special job, 


> 


: AT THE FRONTIERS OF PROGRESS YOU'LL FIND... 


On the west coast 
Air Reduction Pacific Company 


Internationally 


Air REDUCTION SALES COMPANY 


Airco Company International 


A division of Air Reduction Company, Incorporated 
© 150 East 42nd Street, New York 17, N. Y. 


Offices and dealers in 
most principal cities 


In Cuba 
Cuban Air Products Corporation 


In Canada : 
Air Reduction Canada Limited 


Products of the div ns of Air Reduction Company, Incorporated, include: AIRCO — industrial gases, welding and cutting equipment, and acetyle chemicals * PURECO 
— carbon dioxide yoseou solid (‘‘DRY-ICE * OHIO — medical gases and hospital equipment « NATIONAL CARBIDE — pipeline acetylene and calcium 
carbide * COLTON viny alcohols, and other synthetic resir 


For more details, circle No. 15 on Reader Information Card 
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For flawless high strength weld metal 
in missile components 


Job Report Courtesy of ‘ 
Research Welding & Engineering Co., Inc., Compton, California Ns 


WITH Speco 


CHROMENAR Spooled Wire 


Light weight was important in this welded missile component that 
was required to hold air under 3,000 p.s.i. pressure. After making 
the root pass weld with the Arcos EB* consumable insert, the weld 
was completed by submerged arc welding with Arcos CHROMENAR 
CMV welding quality wire. CHROMENAR CMV was selected be- 
cause its weld metal could be heat treated to match the base metal 
with tensile strength in excess of 200,000 p.s.i. and pass x-ray 
inspection. For help on your welding problems consult... ARCOS 
CORPORATION, 1500 S. 50th Street, Philadelphia 43, Pa. 


*Trademark of General Dynamics Corporation 


For more details, circle No. 16 on Reader Information Card 
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will be of inestimable benefit to other 
sections and to the AWS membership 
as a whole. 


Course Outlines 

One of the many ways in which our 
committees are dealing with the prob- 
lem of education is in the preparation of 
course outlines. There is no doubt 
whatever that a need exists for courses 
on specific aspects of welding. These 
courses eventually should embrace every 
facet of welding, both practical and 
theoretical. This is a long way off but 
is a major objective of EAC. The 
outlines that have been and are being 
prepared at the moment are intended 
to act as a guide to speakers. The 
outline covers the complete subject and 
the speaker merely discusses the various 
subheads. 

One section is going to test these out 
this vear, starting in September. Not 
only are they appointing speakers to 
give talks based upon the outlines but 
they are having the talks tape recorded. 
Later these tape recordings will be 
transcribed. The transcriptions will be 
sent to EAC for comments and EAC will 
turn them over to the Secretary for 
editing. It is the intention of EAC to 
have each transcription, after editing, 
checked by a number of experts on the 
subject covered. These experts will 
check the material for technical accuracy 
and will also indicate where additional 
coverage is necessary. 

By this means we anticipate having a 
most comprehensive, accurate and, 
what may turn out to be, the most 
complete course upon the particular 
subject ever produced. 

The far-range objective is to compile 
courses of all of these subjects, embrac- 
ing every facet of welding, and to make 
them available to every section. In the 
educational field the Philadelphia chap- 
ter of the AWS has announced a course 
in the Principles of Welding Engineer- 
ing and one in the Elements of Welding 
Metallurgy which are to be held at the 
Drexel Evening College beginning Sep- 
tember 24th and continuing through 
June 17, 1958. 

The Philadelphia branch is to be 
congratulated! We know that other 
sections are providing similar courses. 
It will not be long before many more 
sections are providing educational 
courses, either given through the me- 
dium of local colleges or sponsored or 
arranged by local sections. 

The EAC can accomplish its objec- 
tives only with the help of the members 
of the AWS. The help, advice and 
enthusiasm of the sections and their 
educational representatives will be vi- 
tally necessary if this program is to be 
successful. 


In-Plant Training 
A most comprehensive outline for an 
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in-plant training program has been pre- 
pared by this committee. 

This tentative outline is slanted 
toward designers, inspectors and super- 
visors. An idea of the comprehensive 
nature of this may be gathered by a list 
of the main headings. It should be 
noted that each of these main headings 
is capable of being expanded to any 
desired length based upon the particular 
needs of the plant carrying out the 
program. 

The main headings are: Orientation; 
Welding Terms and Definitions; Weld- 
ing and Allied Processes; Basic Metal- 
lurgy; Weldability of Metals; Welding 
Design; Specifications; Qualifications; 
Inspection, Test and Quality Control; 
Safe Practices in Welding; Review. 

A great deal of work has been ex- 
pended on this outline and much has still 
to be done. It is an indication of the 
activity of this particular committee 
and signifies its approach to an industrial 
problem which has long been apparent. 


Apprentice Training 


Excellent work has been done in the 
field of apprentice training. Initial 
activities have been with the pipe- 
fitters. Work is planned with the iron 
workers, boilermakers and other crafts 
Working on the general assumption 
that welding is required in all fields of 
metal working, it became obvious that 
all apprentices in these fields should be 
given a grounding in welding. A 
course given in August at the Purdue 
University was to instruct teachers of 
apprentices in the various types of 
welding. Experts in each field of weld- 
ing, the services of whom were kindly 
contributed by industry, actually dem- 
onstrated the process they discussed. 

This course at Purdue University is 
to be the subject of “EAC Doings” in a 
forthcoming issue of THe WELDING 
JouRNAL. It should be mentioned, 
however, that these teachers will reach 
approximately 20,000 apprentices in the 
United States and Canada. 


Visual Aids 


In all educational activities there is 
one common need—visual aids. Today, 
more than ever, it has been found that 
visual presentations assist greatly in the 
assimilation of any knowledge, tech- 
nical or otherwise. The Visual Aids 
Committee of the EAC is concerned 
with the preparation of such material. 

A report is being prepared, upon a 
proposed motion picture, which will 
indicate the various branches of the 
welding industry which could be fea- 
tured. It is the intention of this com- 
mittee to survey the field and incorpo- 
rate in this report what would be needed 
in such a film and the group to which the 
film should be directed. It is no more 
possible to reach a number of groups 
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This WELDED nuclear pressure vessel 
holds a practical idea for you 


Job Report Courtesy of 
Combustion Engineering, Inc., builder of vessel shown 


uss ARCOSITE FLUX 


for submerged arc welding 


In nuclear installations where radio activity makes weld failure 
dangerous to personnel and can cause indefinite shutdown, sound 
corrosion resistant welds are of utmost importance. To inhibit 
corrosion, portions of the 9 ft. dia. interior of this 33 ft. reactor were 
overlaid with 14 in. of 308L weld metal. Submerged arc welding 
with ARCOSITE S4 flux was used for the job. The girth and longi- 
tudinal joints of the low alloy steel plates were also submerged arc 
welded using ARCOSITE_BS flux. Cost-wise, no other conventional 
method of cladding was practical. Arcos weld metal quality guar- 
antees corrosion resistance . . . freedom from maintenance. 


ARCOS CORPORATION, 1500 S. 50th Street. Philadelphia 43, Pa. 


; 
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RESEARCH 
METALLURGISTS 


With BS or MS degrees. One 
position is for a recent gradu- 
ate. The other is for a man up 
to 35, with experience in the 
application of metallurgy to 
production problems. 

Work in applied research, 
dealing with welding ferrous 
and non-ferrous alloys, investi- 
gation of service problems, and 
selection of materials of con- 
struction. 

C F BRAUN & CO 
Alhambra, California 
Engineers and Constructors 


simultaneously with a motion picture 
than it is with a leeture. It will be 


necessary, therefore, to decide to which 
group the first film should be directed. 


Subsequent films could reach the other 


groups. When the report is complete, 
it will be submitted to the Technical 
Council for further action. 


College Training 


It is hecoming more and more obvious 
that an engine er can hardly be re garded 
as fully trained until he has learned the 


rudiments of welding. Metal joining 
has become such an essential part of 
our life today that a knowledge of its 
fundamentals is needed by practically 
all branches of engineering. 

A symposium on education was held 
in Philadelphia in April of this year in 
which some very interesting facts were 
disclosed. A tape recording was made 
of this symposium and we hope to have 
available in the near future a small bro- 
chure which will give an almost verbatim 
report of the proceedings. 

The foregoing indicates what the EAC 
and its subcommittees have been doing 
during the spring and summer. We 
are all looking forward to increased 
activity during the fall which will 
produce concrete results. We need 
your help if we are to have something 
concrete to show for our work, some- 
thing which will aid welding, welders, 
technicians and engineers in their never- 
ceasing objective of finding better, 
safer, faster, more reliable and more 
economical means of metal joining. 


EMPLOYMENT 


SERVICE 


Positions Vacant 


Excellent opportunity for young engineer 
to join national staff of American Welding 
Society in New York City tecent pro- 
motion creates vacancy for assistant to 
technical secretary. Responsibilities to 
include representation on technical com- 
mittees, research on technical data, 
editing of standards, answering technical 
inquiries from industry Applicant must 
have degree in engineering, with at least 
three years experience, preferably in weld- 
ing or allied fields. Salary commensurate 
with qualifications and experience. Send 
résumés to Technical Secretary, 33 W. 
30th St., New York 18, N.Y. All replies 


will be held in confidence 


BY 
MEETING 
THE 
GROWING 
DEMAND 
FOR 


PRECISION 
WELDING 


Precision Welding can offer a savings over other 
methods of assembly, broaden your operation 
cut costs, increase profits. The ideal unit for 
this type work is the Challenge Precision Weld- 
ing Table. It's suitable for layout work, ‘tack’ 
welding and final welding operations. T-slots 
permit accurate positioning and holding of the 
work. Made of a special analysis semi-stee! 
designed to withstand the welding flame or 
arc. Guaranteed accurate to within .002’’. 
Available in three sizes 


SE-113 

TRADE-MARK 
The Challenge Machinery Co. Cept. WJ-9 | 
Crand Haven, Michigan 


Please send complete information on 
Challenge Welding Tables and other 
Precision Surface Equipment. 


Name — 
Company— 


Circle No. 18 on Reader Information Card 


Services Available 

A-698. Young college man, 19, study- 
ing for ME degree, but seeking to special- 
ize in welding engineering field, desires 
position as welding laboratory assistant or 
welding shop helper with organization in 
New York-New Jersey metropolitan area 
tor period September 1957 through Janu- 
ary 1958. Must return to college in 
February to complete freshman term, but 
is available for re-employment during 
summer vacation. Would prefer position 
leading to possible permanent connection 
after graduation. 


WANTED 
WELDING ENGINEER 
Work In Southern California 
Fifty-five year old Los Angeles manufacturing firm has 
permanent position for a welding engineer (quality control) , ‘ 
with metallurgical background; degree desirable. Must velopment and having up to 10 years experience are 
be capable of developing and writing welding procedures 


and techniques in stainless steel and aluminum; ability to 
carry full responsibility for all welding operations. 


Give job history, brief biographical account. Include 


STANDARD STEEL CORPORATION 
5OOL S. Boyle Ave. 
Los Angeles 58, Calif. 


present staff. 


WELDING DEVELOPMENT ENGINEERS 


A new welding laboratory and our expanding de- 
velopment program to accommodate a wide variety 
of diversified product lines necessitates increasing our 
Engineers interested in welding de- 


needed. Excellent employee benefits. 


Send detailed resume and salary requirements to: 


ALCO PRODUCTS, INC. 


Employee Services Department 


Schenectady 5, New York 
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SPECIFY 


When 


fabrication 


100% X-ray 


inspection... 


) CORPORATION 


Stainless Steel Welding Wire 


In hundreds of applications, Drawalloy wire 
has been put to the test . . . X-ray, dye check, 
pressure and service and with the same consis- 
tent result—OK as welded. That’s why Frank 
Iapalucci, Manager of Welding Engineering for 
Baldwin Lima Hamilton, Eddystone, Penna., 
selected Drawalloy chrome-moly wire for the 
automatic welds on this reactor. The vessel is 
constructed of A 301-54T Grade B firebox qual- 
ity steel ranging in thickness from 5-1/16” to 
2-5/8”. Drawalloy 1-1/4 Cr, 1/2 Mo wire was 
used for all submerged arc joints. 

When inspection by X-ray is required, don’t 
gamble . . . rewelding is expensive . . . specify 
Drawalloy “quality controlled” wire. Drawalloy 
stainless steel welding wire is produced to strictly 
controlled specifications to provide the right 


chemistry, finish and temper for smooth opera- 
tion in your equipment and to provide X-ray 
quality welds. 

Why not discuss your stainless welding wire 
needs with your Drawalloy Distributor or Rep- 
resentative ... aman ready to help you. Bulletin 
355-DC provides complete information on every 
grade of Drawalloy wire. Write to: Drawalloy 
Corporation, Lincoln Highway West at Alloy 
Street, York 13, Pennsylvania. 


DRAWALLOY 


CORPORATION 
YORK, PENNSYLVANIA 


For more details, circle No. 19 on Reader Information Card 
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Section News and Events 


as reported to Catherine O'Leary 


ANNUAL GOLF PARTY 


Itasca, Ill.—153 
Chicago Section took part in the An- 
nual Golf Party held on June Sth at 
the Nordic Hills Country Club in 
The event this year was re- 


members of the 


Itasca. 
stricted to members only in an at- 
tempt to generate good fellowship in 
the local group. 

Dinner was served in the form of a 
smorgasbord which was 
ceptable to the hungry golfers. 

The day was perfect for golfing and 
other outdoor activities and everyone 
had an enjovable time as evidenced 
by their enthusiasm. 

“Everyone 
prize.” 


highly ac- 


went home with a 


18TH ANNUAL SYMPOSIUM 


Cleveland, Ohio.—On May 10, 
1957, the Cleveland Section held their 
ISth Annual Symposium at the Man- 
ger Hotel. This symposium was dedi- 
cated to A. F. Davis, “in gratitude 
and recognition for his devoted service 
as one of the Section’s founders, past 
chairman, ardent worker on innumer- 
able committees, and loyal charter 
for his service as a national 
director; and for his 43 years of front- 
line duty as champion of the cause of 
are welding.”’ 

The program opened at 10:30 A.M. 
with registration on the mezzanine of 
the Hotel. Educational exhibits were 
held in the Chester Room from 11 A.M. 
to 6 P.M. and very well at- 
tended. 

About 200 were present at the tech- 
nical held in the afternoon. 
Three outstanding papers were pre- 
sented by the following: Prof. Roy B. 
McCauley 9, chairman of the Weld- 
ing Engineering Department of Ohio 
State University, whose subject was 
‘“Edueation for Welding’: John Mik- 
ulak @W9, assistant to the vice-presi- 
dent in charge of manufacturing, 
Worthington Corp., spoke on “Design 
for Welding’; Roger W. Clark 9, 
consultant on metal joining processes 
in the General Engineering Labora- 
tory of General Electric Co., discussed 
the “Application of Non-Destructive 
Testing Methods.” 

The largest attendance—over 600 
turned out for the dinner held in the 


member: 


were 


session 
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SECTION MEETING CALENDAR 


SEPTEMBER 6 

NORTH CENTRAL OHIO Section. 
Galion Iron Works, Galion, Ohio. 
Get-acquainted meeting at the Fairway Club. 
SEPTEMBER 9 

NORTHWEST Section. Minn. 
Elks Club. Happy Half Hour 6:00 to 6:30 P.M. 
Dinner 6:30 P.M. "Basic Metallurgy,’ Norman 
C. Qualey, Northern Ordnance, Mc. 
SEPTEMBER 13 

DETROIT Section. Dinner 6:30 P.M. Meeting 
8:00 P.M. Engineering Society of Detroit. Arc 
Welding. Representative of Linde Company 
will describe their “Unionarc’ process. 


SEPTEMBER 16 

PHILADELPHIA Section. Dinner at 
naugh’s Restaurant 6:15 P.M. 
meeting at The Drexel Institute of Technology» 
8:00 PM. “Welding the Steels of Tomorrow,” 
George E. Linnert, Armco Stee! Corp. 


SEPTEMBER 17 

TOLEDO Section. Dinner 6:30 P.M. Meeting 
8:00 P.M. Maumee River Yacht Club, Toledo, 
Ohio. “Aluminum and Magnesium Welding.” 


SEPTEMBER 18 

PEORIA Section. Dinner 6:30 P.M. Meeting 
7:45 P.M. Mecca Supper Club, Farmington 
“The Latest Improvements on 


Plant Visit. 


Dinner and 


Minneapolis, 


Kava- 


Educational 


Road, Peoria, Ill. 
Resistance Welding Application and How It 
Affects Design and Application,’ Bob McDorald, 
Precision Welder & Flexopress Corp. 
SEPTEMBER 19 

MICHIANA Section. South Bend, Ind. 
and Die Welding,” representative of Welding 


"Tool 


Equipment and Supply Co. 
SEPTEMBER 20 
PITTSBURGH Section. Plant Visit. Pullman- 
Standard Car Mfg. Co., Butler, Pa. Buffet 
lunch at 12:30 P.M. in Company Cafeteria. 
SEPTEMBER 21 
MARYLAND Section. 
A.M, 
Start at the Fairfield Ventilating Building. 
SEPTEMBER 24 


OLEAN AND BRADFORD Section. 7:00 P.M. 
“Joining Atom Re- 


Baltimore, Md. 9:00 
Tour of Baltimore Harbor Tunnel Project. 


Emery Hotel, Bradford, Pa. 


actor Metals,” Herbert S. Kalish, Sylvania Corning 
Nuclear Corp. 


OCTOBER 4 

PHILADELPHIA Section. 7:45 P.M. Engineers 
Club, 1317 Spruce St., Philadelphia, Pa. Panel 
Discussion, ‘Processes for Cutting and Gouging 
of Metals and Alloys." 


OCTOBER 11 

DETROIT Section. Dinner 6:30 P.M. Meet- 
ing 8:00 P.M. 
“Application of Static Controls," 


Engineering Society of Detroit. 
Jerry Kommen- 
dera, Valve Air Corp. in conjunction with National 
Electric Welder and Westinghouse. 


OCTOBER 14 


NORTHWEST Section. Minr, 
Elks Club. Happy Half Hour 6:00 to 6:30 
P.M. Dinner 6:30 P.M. 
and Application,"’ Vic McChesney, and Howard 


Minneapolis, 
“Aluminum—Analysis 


Adkins, Kaiser Aluminum. 


OCTOBER 15 


TOLEDO Section. 
SOHIO Refinery. 


OCTOBER 16 


PITTSBURGH Section. 8:00 P.M. Auditorium 
of Mellon Institute of Industrial Research, (Oak- 
land) Pittsburgh, Pa. ‘How to Meet Welding 
Code Requirements,” E. C. Korton, Hartford 
Steam Boiler Insp. & Ins. Co., and R. W. Arner, 
Pennsylvania State Highway Department. 


OCTOBER 17 

MICHIANA Section. 
Puliman Standard Car Mfg. Co., Michigan City, 
Ind. 


OCTOBER 21 


PHILADELPHIA = Section. 
8:00 P.M. 
of Welding Processes to High Temperature 
Alloys,"" by Gordon Parks, Solar Aircraft Co. 


OCTOBER 22 


OLEAN AND BRADFORD Section. 7:00 P.M. 
Castle Restaurant, Olean, N.Y. “Welding of 
Clad Steels," Louis K. Keay, Lukens Stee! Co. 


Plant tour through new 


Plant visit. Tentative— 


Club. 
“New Equipment and Applications 


Engineers 


Editor’s Note: Notices for December 1957 meetings must reach Journal office prior 


to October 1, so that they may be published in November Calendar. 


Give full in- 


formation concerning time, place, topic and speaker for each meeting. 


THe JOURNAL 


é — : 
BS. 
4 
= 
my 


color-coded! 


convenient— 
protective package 


Oney Sylvania has the complete line of 
tungsten electrodes for shielded arc weld- 
ing! Whichever gas you’re using and 
whatever type metal you’re welding— 
the four dependable Sylvania electrodes 
will effectively meet almost any condi- 


tion you may encounter. 


For greater economy, safety, and con- 
venience—Sylvania Tungsten Electrodes 
are color-coded. You can tell the type of 
rod merely by glancing at the end. Par- 
tially used rods, regardless of length, no 


TUNGSTEN MOLYBDENUM CHEMIC: 


2% Thoriated 
1% Thoriated 
Puretung’ 
Zirtung* 
*T-M 


the only 


longer need to be scrapped for lack of 
identification. And no longer do you risk 
ruining a costly job because of choosing 
the wrong electrode. 


Sylvania electrodes are cradled in a 
protective wood filler and packed ten to 
the box. Each package carries a color- 
coded label for easy identification. 
They’re available through leading weld- 
ing supply distributors only. 


SYLVANIA ELectric Propucts INc 
Tungstenand Chemical Division, Towanda, Pa 


ALS + PHOSPHORS + SEMICONDUCTORS 


complete line 


ELECTRONICS TELEVISION ATOMIC ENERGY 
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GOLF PARTY HELD BY CHICAGO SECTION ON JUNE 8 


At the starter’s shanty are R. J. Burns, J. K. Calhoun, 
A. G. Craske, C. M. Wigley and Carl Saks 


Main Ballroom Toastmaster was 
Bill Gordon, named No. 1 radio en- 
tertainer in the Forest City by the 
local chapter of the American Federa- 
tion of Radio and Television Artists. 
Featured speaker was Oliver P. Bol- 
ton, newly appointed Director of Com- 


At the 10th hole takeoff are, left to right, B. G. Ward, A. F 


Chouinard, W. G. Bergmann and M. A. Tylutki 


Cause of Crisis.”’ 


ANNUAL REUNION NIGHT 


Huntington Park, Calif.—The Los 
Angeles Section held their 13th An- 
nual Reunion Night on Thursday, June 
20th with 114 members and guests 


This meeting, the final one of the 
fiscal year, is held in honor of their 
many fine past chairmen and is tradi- 
tionally a night of informality and a 
departure from the technical aspects of 
welding. 

Featured festivities for the evening 
were a delicious “Rib” barbecue and 


merce for the State of Ohio. Mr. 


Bolton spoke on “The Independent: present. music by “Trudy” Hartman, accor- 


A graduate engineer 


WANTE 


become Technical Secretary of a non-profit 


scientific research organization in the Metals 


@ withsome experience to 


field who can in a few years assume complete 
managerial charge ofthe work. Metallurgical 
and Welding Research experience desirable. 
Please give full particulars, age, accomplish- 
ments and starting salary desired. Box V-346. 


Advertising Rates 


Designed to carry the high currents necessary for intense heat, an ene ae 
BBB Keen-Arc Carbons produce a fine-grained weld of high Effective June 1, 1955 1 time 3 times 
tensile strength. They give a smooth, steady “flowing” flame Full Page $305.00 $280.00 $265.00 $240.00 
Two-thirds Page 215.00 200.00 185.00 175.00 
Half Page 170.00 155.00 145.00 130.00 
125.00 115.00 110.00 105.00 
100.00 95.00 90.00 85.00 
One-sixth Page.............. 75.00 70.00 65.00 58.00 
62.00 58.00 50.00 46.00 
Special Preferred Positions: 

(Full Page) 335.00 310.00 295.00 270.00 


COVERS 12-time contracts only: 


6 times 12 times 


which does not wander and which is concentrated at the desired 
focal point. Flame temperature is easily and accurately ad- 
justed by merely changing the ampere input, and heavy copper 
coating permits gripping at extreme ends—eliminates frequent 
and periodic resetting. 

A COMPLETE LINE OF CARBON WELDING SUPPLIES including carbon 
and graphite electrodes, carbon rods and plates, welding paste, etc. 


Write for catalog. 
300.00 


BECKER BROTHERS CARBON CO. 


3450 South 52nd Ave. Cicero 50. IMinois 
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Welded with 
ATOM-ARC 8016 


Welded by 
Baldwin-Lima-Hamilton Corp. 


Eddystone Division 


100% X-ray sound with no rewelding is a common occurrence on 
AtomeArc applications. It's also a common occurrence to find the 
country's leading fabricators switching to AtomeArc electrodes for 
welding jobs involving mild and low alloy steels. One such company 
is the Baldwin-Lima-Hamilton Corp. of Eddystone, Penna. 


Frank lapalucci, Manager of Welding Engineering, and Carl 
Ascenzi, Chief Welding Engineer, have developed at Baldwin a quality 
control program for weldments that demands the ultimate in perform- 
ance for every electrode used in their shops. Atom*Arc 8016 CM 
electrodes were their choice for all hand welds on this reactor for a 
large eastern refinery. The X-ray results proved their judgment sound. 


Aside from the fact that no rewelding was required, the greater 
welding speed and easier operation of AtomsArc electrodes were a 
great help in completing the job on schedule. 


AtomeArc electrodes will provide X-ray quality weld metal and 
greater joint efficiency, at a lower cost, on a wider range of ASTM 
steels than any other single group of electrodes. Atom*Arc electrodes 
are available in the following AWS grades: E7016, E7016 A-1, 
E8016 C-2, E8016 B-2, E9016 B-3, E10016 (1.70% Mn, .40% Mo), 
E12016 (1.9% Ni, .9% Mo, .2% V) and AtomsArc T (E11016) for 
welding T 1 steel. 

Find out how the savings and quality of AtomsArc electrodes 
can benefit you. Contact your Alloy Rods Company distributor or 
write for informative data sheets. 


Albert Imburgia, Welding Engineer, ex- 
plains attachment welding detail on un- 
derside of reactor. Plate material is 
A301-54T-Gr. B firebox quality steel. 
Fittings are A 301-54T-Gr. B, A 335- 
53T-Gr. P12, A 182-53T-Gr. F12. Thick- 
nesses ranged from 2-5/8” to 5-1/16”. 


General Offices and Plant 
Lincoln Highway West 
YORK 3, PENNSYLVANIA 


Pacific Coast Sales 
Office and Plant 
750 Lairport Street 
EL SEGUNDO, CALIF. 


no finer electrodes made...anywhere 


For more details, circle No. 22 on Reader Information Card 


SEPTEMBER 1957 


100% Xe-r d 100% X d 
6 ayed... 6 X-ray soun ae 
\ 
Alloy 
/R ods 
0. 
921 


DAVIS HONORED BY CLEVELAND SECTION 


The 18th annual symposium sponsored by the Cleveland Section was dedicated to 


A. F. "Charlie" Davis, vice-president of the Lincoln Electric Co. 


Here Mr. Davis, 


extreme left, is being greeted by Chairman A. G. Portz and featured speaker 


O. P. Bolton 


dionist. 

The meeting and barbecue were 
held in the open air patio of the Elks 
Lodge in Huntington Park, under 
ideal weather conditions. After cock- 
tails, dinner and the drawing of door 
prizes, Chairman C. B. Smith intro- 
duced the newly elected officers as 


LOS ANGELES SECTION 
HOLDS ANNUAL REUNION 
NIGHT ON JUNE 20 


follows: chairman, D. P. O'Connor, 
Los Angeles Water & Power;  vice- 
chairman, John Ross, American Plati- 
num Works; secretary, Dick Hayes, 
Pacific Metals Co. Mr. O’Connor 
presided for the balance of the evening 
and called upon Leo West, Douglas 
Aircraft Co., Long Beach Division, 


Caught between two fellow members 
of the Los Angeles Section are Bruce 
Baird and Leo West 


the newly appointed chairman of the 
Aireraft and Rocketry Panel, who in 
turn introduced the new Aircraft and 
Rocketry Panel officers as follows: 
Howard Eubanks, Convair, vice-chair- 
man; Bruce Baird, North American 
Aviation, secretary; and Leonard 
Buchanan, Air Reduction Pacific Co., 
membership chairman. 

The retiring section chairman, Chas. 
Smith, was presented with a set ot 
folding TV tables, in behalf of his fine 
cooperation and support. 

National President C. P. 
completed the ceremonies by present- 
ing the retiring chairman with his 
past chairman’s pin. Upon conclu- 
sion of the meeting, all the outgoing 
and incoming officers and past chair- 
men received a fine round of applause 
in recognition of their accomplish- 
ments during the year. 


Sander 


FIELD TRIP 


Napa, Calif.— The Kaiser Steel Corp 
was host for the annual field trip of the 
San Francisco Section on May 27th 
At the luncheon preceding the inspec- 
tion, new officers were installed and 
presentation of the Society’s Meri- 
torious Certificate was made to Dr. 
Paul DeGarmo of the University of 
California, Berkeley. 


Walter Tenner, George Murphy and 
Ben Gray enjoying the “rib” barbecue 


Past Section Chairman Al 
entertained by “Trudy” Hartman 
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Fenlason 
and AWS President C. P. Sander are 


New chairman D.P. O'Connor takes over 
while Dick Hayes, Herb Clemens and 
out-going chairman C. B. Smith look on 


Section News and Events 


President Sander presenting Mr. Smith 
with past chairman's pin. Mr. Cle- 
mens and Mr. O'Connor look on 
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VISITS KAISER STEEL PLANT 


On May 27th the San Francisco Section visited the Kaiser Steel Corp. plant at Napa, Calif. 


are assembled in front of Personnel Building 


Past chairman Larry Kech, outgoing 
chairman Fred Stettner and incoming 
chairman Stan Roberts inspect inside 
weld seam of 30-in. diam HPI high- 
test line pipe 


Touring the Napa Fabricating Di- 
vision of the Kaiser Steel Corp., the 
110 members and guests observed the 
fabrication of water well casing, a 
range of pressure vessels up to larg: 
refinery equipment, penstocks, 
mill-type cranes, 
types of plate fabrication 


large 
other 
They also 
visited the pipe shops where thousands 
of miles of large diameter API lin 
pipe is continuously produced by sub- 


barges and 


merged-are and electric-resistance 
welding. 

Members were particularly inter- 
ested in the adaptation to mechaniza- 
tion of different types of welding 
equipment for special applications 
The variety of work in process gave 
the opportunity to observe 
several methods of shop approaches to 
production welding and there was uni- 
versal agreement that this had made 
the trip a most rewarding experience. 


visitors 


SUMMER MEETING 
Miami, Fla. 


The second summe! 
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Here the members and guests 


Guest speaker E. Paul DeGarmo being presented the Meritorious Certificate by 


District Director Charles Robinson. 
Prof. DeGarmo and Mr. Robinson. 
Roberts, Cecil Dogett and Mr. Kech 


meeting of the South Florida Section 
was held on Wednesday, July 17th, at 
meeting hall, Miami Fire- 
men’s Benevolent Association. Meet- 
ing was called to order by Chairman 
Herbert Hoodwin at 8:05 P.M. 

Following a 
which plans for the coming year were 
discussed in detail, the meeting was 
Program Chairman 
Perry Kennerk, who showed a thirty- 
minute film, entitled ‘Petrified Riv- 
ers, Story on Uranium.” This film 
was secured from the Union Carbide 
Corp. 

The pleasant 
which followed was 


11:00 P.M. 


the new 


business session at 


turned over to 


get-together 
adjourned at 


social 


MEETING DATE 
Washington, D. The W ashing- 


ton Section, in a resolution adopted by 
its Executive Committee, has changed 
its monthly technical meeting date 
from the second Tue sday to the second 
Friday of each month, commencing 


Section News and kv nts 


Back row, left to right, Bill Ajello, Mr. Stettner, 
Front row, left to right, Barney Fass, Mr. 


with its first m« Friday, 
Sept. 13, 1957 and continuing through 


the 1957-5S season. 


eting on 


Holy 
Phevert 


THANKS! 
POLIO REHABILITATION 
« NEUROMUSCULAR 
Sister Elizabeth 
KENNY 


Foundation 


National Headquarters « Minneapolis, Minn. 
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SAN FRANCISCO SECTION iii ae 
: 


HELIARC 
Inert Gas Shielded Arc 


Tungsten Electrode 


+— Cooling Water 


UNIONMELT 
Submerged Arc 


Welding Wire 


Welding 
Composition 


Welding Wire 


Argon 


+——- Cooling Water 


_LOOK To LINDE 


IN ELECTRIC WELDING... 


For more details, circle No. 23 on Reader Information Card 
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can supply the 
right method! 


Inert gas shielded arc welding — 
Hewiarc Apparatus for inert gas shielded are welding, using a tungsten electrode 
and a shield of LINDE argon, is tops for joining hard-to-weld commercial metals. 
On stainless steel and aluminum, HELIARC Welding is fast and clean, producing 
high-quality welds that resist corrosion. HELIARC Welding eliminates costly 
grinding and finishing, making it a valuable method for quantity production 


of hard-to-weld metals. 


Submerged arc welding — 
Shapes made of materials ranging from light gage to heavy plate, adaptable 
to mechanization, can be most economically joined by UNIONMELT Welding. It is 
used on low and medium carbon steels and alloy steels, including those 
containing chrome and/or nickel. UNIONMELT Welding is also used extensively 
for resurfacing metal, providing extra wear and corrosion resistance. UNIONMELT 
Welding is fast and inexpensive on production jobs. 


Shielded inert gas metal are welding — 
One of the most versatile welding methods is Sigma Welding. LINDE’s Sigma 
apparatus, using a shield of LINDE argon, is ideal for manual welding of 
commercial metals 14 in. or more thick, and for automatic operation on lighter 
gage metals to .050 in. Highest quality welds can be made on aluminum thicker 
than |% in. at speeds up to 16 inches per minute. Build-up and surfacing jobs 
are also improved by using LINDE’s Sigma welding method. 


// Magnetic flux gas shielded arc welding — 

UNIONARC Welding, LINDE’s most recent development in electric welding, is an 
extremely fast method for welding mild steel. This method employs a 
continuously-fed, bare steel wire electrode, magnetically coated with flux 
conveyed in a stream of carbon dioxide shielding gas. Manual welds can be made 
easily in any position —vertical, overhead, downhand—with no stops to change 
electrodes. The speed, versatility, and ease of operation of 
of Unronarc Welding brings costs down 25% to 65% below 
those of manual covered electrode welding. Clean, smooth, 
high-quality welds are provided, even in the presence of 
moderate amounts of rust, scale. and moisture. 


UNIONARC 
Magnetic Flux Gas Shielded Arc 
“WELDING WIRE 


Engineers at LINDE have been designing, developing, and testing elec- 
tric welding methods and apparatus for many years. Help on any weld- 
ing method is yours for the asking. You can improve your work and cut 
production problems by taking advantage of LINDE’s experience. For 
data on UNIONARC Welding or any other electric welding method, call 
the LINDE office nearest you. 

LINDE CoMPANY, Division of Union Carbide Corporation, 30 East 
42nd Street, New York 17, N. Y. Offices in other principal cities. In 
Canada: Linde Company, Division of Union Carbide Canada Limited. 


FLUX AND 


FLUX ADHERES 
TO THE WIRE 


TRADE-MARK 


“Untonmect,”” ““Unionanc,” 
and “‘Ustow Carnme”™ are 


trade marks of Union Carbide Corporation 


For more details, circle No. 23 on Reader Information Card 
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New Members 


Total National Membership 


Sustaining Members..... 
Associate Members..... 
Student Members...... 
Honorary Members..... 


Effective July 1, 1957 


MEMBERSHIP CLASSIFICATION 


A—Sustaining Member 
D—Student Member 


ANTHONY WAYNE 
Jay, Glenn A. (C 


ARIZONA 

Aspey, F. Morris (B 
BOSTON 

Romaniuk, Michael J. (B 
CANADA 

Haimerl, Dunean Alois (C 
CHICAGO 


Adelsperger, Fred J B 
Borque, Robert Z.(A 
Breen, John Jr (C 
Cheyney, Dan R.(B 
Davison, Quentin D.(B 
ddings, Kenneth Ear! (C 
Farkas, John, Jr. (C 
Matthews, Robert (B 
Packer, Kenneth F. (B) 
Stears, Glenn B. (B 


CLEVELAND 
Novy, Charles T. (D 
tichards, Gordon (A) 
COLUMBUS 


Edwards, Kermit James (C 


DAYTON 

Gravel, Harold F. (C 
Webster, Warren EF. (C 
DETROIT 

Alyea, Harold B. (B) 
Belt, Richard (B) 

Pozdol, Arthur M. (B) 
Thomas, Donald K. (C) 


FOX VALLEY 
Chrusniak, Benjamin (B) 
Erlandt, William K. (C) 
True, Jack (B) 
HOUSTON 

Hency, T. R., Jr. (B) 
Mavo, James A. (B) 
INDIANA 


Charters, Clyde C. (C 
Werner, Dave (C 
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E—Honorary Member 


B—Member 


LEHIGH VALLEY 
teese, William H., Jr. (C 


LONG ISLAND 


Delson, Irving (B) 
MeDonald, Walter (C) 


LOS ANGELES 


Ady, Robert George (B) 
Anderson, James Y. (C) 
Hookey, Paul W. (B) 
Lewis, Paul H. (D) 
Mallory, C. F. (C) 
Metzger, Guinn E. (B) 
Molander, B. L. (A) 
(Gar, Robert S. (C) 
Searfoss, Lester U. (B 


MAHONING VALLEY 
Daum, Warren 1. (B 
Dewey, Bruce E. (B) 
MARYLAND 

R. Harry (C) 


MICHIANA 


Sherman, Henry R. (C 


MILWAUKEE 


Myers, A. H. (B) 
Stano, Matthew L. (C) 
Treleven, Harold T. (B) 


NEW HAMPSHIRE 


Nadeau, Norman A. (B) 


NEW JERSEY 
Albom, Melvin J. (C) 
Fuchs, Charles J. (C) 
Sachs, David (C) 


NEW ORLEANS 


Alexander, William C. (B) 
Kitchen, Robert L. (B) 


NEW YORK 


Bartholet, Emil J. (C) 
Berg, Richard T. (B) 
Klapper, Joseph Alan (B) 
Liechti, Charles (B) 
Sinclair, L. (A) 
Whitney, Robert (C) 


C—Associate Member 


F—Life Member 


NIAGARA FRONTIER 
Skelton, H. A. (B) 


NORTHEAST TENNESSEE 


Dean, Richard H. (B) 
tice, William H. (B 
Troutman, T. G. (B) 


NORTHERN NEW YORK 
Doherty, Charles FE. (B 
NORTHWEST 


Donaldson, Glenn L. (B) 
Lang, M. A. (C 
Lindquist, Leroy C. (B 
Sandin, R.S.(C 


NORTHWESTERN PA. 


Dunwoody, Samuel (C) 
Winnen, James (D) 


PEORIA 


Bartel, Leonard R. (C 
Bogart, Eldred (C 
Christopher, G. Thomas (C 
MecEndollar, Willard (C) 
Peck, Lowell B. (C) 
Philvaw, J. V. (C 
Puckett, Harold (C) 
Rogers, Hershel W. (C) 
Wind, Joseph B. (C) 


PHILADELPHIA 


Dickol, Arthur R. (B 
Goldberg, Albert L. (C 
Met rinley, ( reorge 8. (C 
Reeder, A. M. (C 
Xeilley, James M. (B) 
Rongione, Emil L. (B) 
Sindora, Samuel (C) 


PITTSBURGH 


Doumont, C. W. (B) 
Drossman, Richard O. (C) 
Leighty, Roger (C) 
Steinmetz, Henry O. (B) 
Titera, C. George (C) 


PROVIDENCE 


Aronson, Albert G. (B) 
Bechard, Andre P. (B) 
Bianco, John A. (C) 
Brunnckow, Everett (B) 
Christensen, Axel A. (B) 


Life Members..... 
Join AWS—Advance Through Welding 
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12,862 


Cole, James 8. (C) 
Corp, Clarence F. (C 
Costantino, Joseph (B) 
Costantino, Ralph (B 
Crowell, Edward B. (B 
Davidson, Albert G. (B 
Diaz, Russell 8. (B) 
DiBenedetto, Joseph (C 
Domina, Elisha G. (B) 
Downing, Clay E. (B) 
Duffney, David N. (B 
Ellinwood, Walter (C 
Fenton, Barry P. (C) 
Filonow, Sergi (B) 
Finnerty, John (B) 
Fucci, Joseph P. (C) 
Greenhalgh, Arthur (B 
Hart, Russell J. (B) 
Hawe, Samuel (B) 
Heaton, Alfred T. (C) 
Heaton, James C. (B) 
Henry, Stanford H. (B 
Kelly, Francis H. (B) 
Kennedy, Howard (B) 
Kennedy, John (B 
Lembo, Philip (B 
Lussier, Robert E. (B) 
Makepeace, William N. (C 
Mehaffey, George T. (B) 
Moffitt, Harold J. (C) 
Moore, Samuel (B) 
Morin, Nelson H. (B) 
Olson, Allen (B) 

Rini, John (B) 

Roppe, Joseph E. (C) 
Salomon, James T. (B) 
Scanlon, Robert (B) 
Slater, Stanley J. (B) 
Spilo, Lloyd H. (B) 
Vachon, Larry (B) 
Wetzel, Edmund (C) 


SAGINAW VALLEY 
Hadley, William B. (D) 
Reese, John L. (D) 
ST. LOUIS 

Ellis, Orville F. (C) 
Schroeder, Ira (B) 
Straub, William C. (C) 
Szalacha, Harry P. (B) 
SALT LAKE CITY 
Pater, Hendrik (B) 
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SAN FRANCISCO Folkhard, Erich (B 
Bartley, John E. (C) Freeman, W. H. (B 


Tellone, Elmo 8. (C) Parasuram, P. (B 
Roe, William Leslie (( 


SANGAMON VALLEY Sims-Davies, Geoffrey (B 
Collier, William S. (C) Whitten, Budell G. (5 


SHREVEPORT 


Mulhern, J. A. (B Members Reclassified 
STARK CENTRAL During the month of July 
Wengerd, Alva (C EAST TEXAS 
WASHINGTON, D. C. Wallace, Larry A. (1) to ¢ 
Goldstein, Sherwood (C HOUSTON 


Plane, George \ (C 
Quasebarth, William H. (B Wright, H. D.(C to B 
Vest, Charles E. (C LOS ANGELES 
WESTERN Moeller, John W.(C to B 
MASSACHUSETTS 
NORTHEAST TENNESSEE 
Kosinski, John J. (B 

Felix, H. L. (C to B 
YORK-CENTRAL PA. 

PEORIA 


Bechtel, Henry Edward (C 


Ciccarelli, William Ek. (B Baldwin, Harold (C to B 
(C* Packer, Mort (C to B 


PORTLAND 


Gessner, Carl R 


MEMBERS NOT IN . ML (C to B 
SECTIONS att, M.(C B 


Blanchet, Bernard (B SAN FRANCISCO 


Feng, Chi-Eng (C songio, Enrico P. (C to B 


Coimonoy 
MEMBERSHIP IN THE Hard -Faci 1g 
AMERICAN WELDING SOCIETY INCREAS —— 
helps you improve your product, PART LIFE 


increase your production and lower 


your welding costs. You'll have 
Colmonoy hard-facing alloys and methods are designed 
fs a ; to make the metal parts of your product wear much 
welding “know-how”, including the longer—at the lowest possible cost. 


for your own use latest available 


Society's Welding Journal and Colmonoy nickel, cobalt, and iron base alloys provide a 
wide range of wear resistant qualities for maximum 
oe : part life regardless of the type of wear. Available as 
join the Society and take advan- electrodes, gas rods, castings, and Sprayweld Powder. 


Welding Handbook. How you can 


tage of its many benefits is ex- Colmonoy methods include The Sprayweld Process*, by 
which smooth, welded deposits of superior hard-facing 
; alloy are easily sprayed on, saving material, time, and 
available. finishing costs. 


plained in descriptive literature 


For further details write to Submit part drawings and a description of the 
wear encountered for a specific recommenda- 
tion. Request Hard-Facing Manual No. 79. 


AMERICAN WELDING SOCIETY 
33 West 39 Street 
New York 18, N. Y. 


*Registered Trade Mark 


WALL COLMONOY CORP. 


19345 JOHN R 


BIRMINGHAM BUFFALO CHICAGO HOUSTON LOS ANGELES 
MORRISVILLE, PA. - NEW YORK PITTSBURGH MONTREAL GREAT BRITAIN 


Circle No. 24 on Reader Information Card 
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dir Conditioning Units. “Conditioned” Just Right by 
Projection Welding. Welding Engr., vol. 42, no. 3 (March 
1957), pp. 40-41. 


fircraft Manufacture. Inert Are Spot Welding Saves 
1500 Hours. IJndustry & Welding, vol. 30, no. 2 (February 
1957), pp. 49-50, 98-99. 


Aircraft Manufacture. Recent Advances in Applica- 
tion of Resistance Welding to Airframe Construction, N. K. 
Gardner. J. Inst. Production Engrs., vol. 36, no. 4 (April 
1957), pp. 238-252; (discussion) 262-272. 

Aluminum Tubes. Production of Aluminum Tubing 
Using Automatic Welding. Sheet Metal Inds., vol. 34, no. 359 
(March 1957), pp. 173-175. 

{re Welding. New Are Welding Process Speeds Fabri- 
cation of Carbon Steels. Industry & Welding, vol. 30, no. 3 
(March 1957), pp. 44-48, 69-70. 


Boiler Manufacture. Welding Turns Out Boilers in 
Package, C. B. Clason. Welding Engr., vol. 42, no. 2 (Febru- 


ary 1957), pp. 29-32. 

Bridges, Aluminum. A New Way to Build Bridges, W. 
R. Petri. Modern Metals, vol. 13, no. 1 (February 1957), 
pp. SO-S2. 

Concrete Mixers. Welding Improves Truck Mixer De- 
sign, P. Galton, J. A. Barry. Welding Engr., vol. 42, no. 2 
(February 1957), pp. 33-34. 

Copper. When You Are Weld Copper Alloys. Industry 
& Welding, vol. 30, no. 2 (February 1957), pp. 71-74, 76-77. 

Dissimilar Metals. High-Nickel Electrode Welds Most 
Dissimilar Metals. Jron Age, vol. 179, no. 7 (Feb. 14, 1957), 
pp. 122-123. 

Earthmoving Machinery. New Welding Method for 
Heavy Equipment, R. L. Reetenwald. Mechanization, vol. 
21, no. 4 (April 1957), pp. 119-120. 

Hard Surfacing. Aluminum-Bronze to Rescue, W. E. 
Claflin. Welding Engr., vol. 42, no. 3 (March 1957), pp. 58, 
60. 

Hard Surfacing. Uardfacing Service for Industry. 
Welding & Metal Fabrication, vol. 25, no. 3 (March 1957), pp. 
91-97. 

Hydrogen Effect. Hydrogen Contents of Mild and Alloy 
Steel Weld Deposits, P. D. Blake. Brit. Welding Jnl., vol. 4, 
no. 3 (March 1957), pp. 146-154. 

Hydraulic Turbines. Welding Repair of Giant Turbine 
Runner, F. P. Y. Arseneault. Can. Metals, vol. 20, no. 2, 
(February 1957), pp. 34, 36, 40, no. 3 (March), pp. 46, 48, 
50-51. 

Inert-Gas Welding. Manual Welding to Be Revolu- 
tionized? Mar. Eng., vol. 62, no. 3 (March 1957), pp. 72-74, 
159. 

Ingot Molds. Casting Pit Equipment, A. M. Hamilton. 
Tron & Steel, vol. 30, no. 2 (February 1957), pp. 74-75. 

Tron Castings. Braze Welding Saves 250-Ton Press. 
Industry & Welding, vol. 30, no. 2 (February 1957), pp. 80-81, 
102-103. 

Light Metals. Argon-Are Welding and Post-Weld Treat- 
ment of Aluminium-Magnesium-Zine Alloy, W. T. Tyler, 
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For copies of articles, write directly to publications in which they appear 


C. A. Terry, D. C. Moore. Welding & Metal Fabrication 
vol. 25, no. 3 (March 1957), pp. 82-90. 


Maintenance and Repair. Stud Welding is Good Medi- 
cine for Coke-Car Floor Plates. Welding Engr., vol. 42, no. 3 
(March 1957), pp. 29-30. 

Motor Trucks. Mig Process is Used to Weld Aluminum 
Vehicles “Down Under,” A. E. Wilson. Welding Engr., vol 
12, no. 2 (February 1957), pp. 44, 48. 

Nuclear Reactors. Fabrication of Homogeneous Reactor 
Test Vessel Assembly, 2 Bledsoe, Ft Daly, G. E. Elder 
W. R. Gall, E. C. Miller. J. Am. Soc. Naval Engrs., vol. 69, 
no. | (February 1957), pp. 123-130. 

Oxygen Cutting. Gouging Castings with Carbon Arc 
Speeds Preparation for Welding, T. Roberts. Jndusitry & 
Welding, vol. 30, no. 2 (February 1957), pp. 82-84, 86. 


Pipe Lines. Design and Strength of Welded Pipe Line 
Branch Connections, E. C. Rodabaugh, H. H. George. Proc. 
Am. Soc. Civil Engrs., vol. 83 (J. Pipeline Div.), no. PLI 
March 1957), Paper no. 1193, p. 34. 

Power Supply. Electricity Plays Many Roles in Weld- 
ing, A.C. Ward. Tron Age, vol. 179, no. 11 (Mar. 14, 1957 
pp. 140-142. 

Pressure Welding. Pressure Welding in Practice, R. F. 
Tylecote. Brit. Welding Jnil., vol. 4, no. 3 (March 1957), pp. 
113-120. 

Resistance Welding. Mash Welder Cuts Waste in 
Joining Sinks. Welding Engr., vol. 42, no. 2 (February 1957), 
pp. 42-43. 

Silver Alloy Brazing. 300 Silver Brazed Joints Simplify 
Fabrication of Dissimilar Metals. Industry & Welding, vol 
30, no. 3 (March 1957), pp. 62-66, 68 

Stainless Steel. Tig Process Creates Welded “Blankets” 
of Ultra-Thin Stainless, B. R. Russell. Welding Engr., vol. 
42, no. 3 (March 1957), pp. 38-39. 

Stainless Steel. Welding Precision Stainless Steel Parts? 
Try Inert Are! Industry & Welding, vol. 30, no. 2 (February 
1957), pp. 62-63, 102. 

Steel Structures. French Firm Spotwelds Its Struc- 
turals. Steel, vol. 140, no. 7 (Feb. 18, 1957), pp. 164, 166. 

Steel. Weldability of Three Ferritic Chromium-Molyb- 
denum Bearing Steels, B. Trehearne. Welding & Metal 
Fabrication, vol. 25, no. 2 (February 1957), pp. 48-52. 

Steel. Weld Quality Rides with Steel Selection, A. C. 
Ward. Tron Age, vol. 179, no. 8 (Feb. 21, 1957), pp. 104-106. 

Submerged-Are Welding. Weld Stainless with Sub- 
merged Are, W. E. McFee. Industry & Welding, vol. 30, no. 2 
(February 1957), pp. 64-66, 89. 

Tanks. Stainless and Plastics Combine to Make Tough 
Tank, F. T. Taneula. Welding Engr., vol. 42, no. 4 (April 
1957), pp. 58-59. 

Testing. Testing Steel Pipes and Welds for High- 
Temperature Service, W. N. C. Clinch. Metal Treatment & 
Drop Forging, vol. 24. no. 137 (February 1957), pp. 72, 86. 

Ultrasonic Soldering. Ultrasonic Fluxless Soldering. 
Industry & Welding, vol. 30, no. 2 (February 1957), pp. 92-94, 
96-97. 
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Technical Information Conley 


A new warehouse to serve the fast 
growing Midwest has been opened 
in St. Louis by Eutectic Welding 
Alloys Corporation. 

The warehouse will also serve as 
headquarters for Eutectic’s Techni- 
cal Information Service in the Mid- 
‘ west, North Central United States. 

‘Welding users in the area are urged by Eutectic to take advantage of 
this new sales and service center, and avail themselves of the unique, free 
technical services offered by Eutectic Welding Alloys Corp. 

In your own shop, factory-trained District Engineers will show you 
how to get every advantage of Eutectic’s ‘Low Heat Input” metal joining 
methods. District Engineers (over 350 of them in the United States) have 
effected large savings for virtually every industry from coast to coast by 
suggesting welding applications which saved otherwise useless equipment, 
avoided lengthy downtime for repair and got rid of frequent breakdowns. 

Eutectic’s research labs and Technical Information Service are at your 
service to help you solve those “unsolvable” welding problems. 

The new Eutectic warehouse will guarantee welding users in this area 
prompt delivery of the right rod for the job...a fresh-from-the-factory 
source for the more than 150 Low Temp EutecRods and Low Amp Eutec- 
Trodes manufactured by Eutectic. 

Put this new Eutectic Warehouse-Service Center to work for you! To 
get better, faster, stronger welds and repairs call GEneva 6-4644, or write 
Eutectic Welding Alloys Corporation, 3719 Vest Avenue, St. Louis 7, 
Missouri. Do it today! (B-9) 


A BURNING QUESTION ONLY EUTECTIC COULD ANSWER 


Overlays on the jaws of this 
“stripper” had to withstand tem- 
peratures up to 2600 F —often 
reached by the red-hot ingots it 
Carries in a mid-western rolling 
mill. Repeated tests by the mill to 
find an alloys that would withstand 
these high temperatures resulted in 
failure. Conventional overlaying al- 
loys were quickly burned off, and 
the frequent overlaying resulted in 
considerable expense, downtime and 
wasted labor. A Eutectic District 
Engineer was consulted. He recom- 
mended EutecBor #9, Eutectic’s 
super-high alloy overlay, which has 
remarkable resistance to wear and 
corrosion at normal and elevated temperatures. 

Overlays of EutecBor +9 were applied at 1800 F. Conventional over- 
laying materials require 2400 F. Low application temperature avoided 
dilution, and super-hard EutecBor +9 deposits were not mixed with 
softer base metal. Overlays of EutecBor #9 showed no trace of pitting or 
galling. In fact, as deposited it had an RC hardness of 55-62, and an RC 
36-37 at 1600 F....or sufficient hardness to withstand jet aircraft exhausts. 

The mill reported that EutecBor #9 overlays gave them six times 
greater wear than conventional overlays. (B-10) 


WAREHOUSE-SERVICE CENTERS IN ATLANTA, CHICAGO, HURON, PHOENIX, DALLAS, BERKELEY, AND OTHER LEADING 
EUTECTIC WELDING ALLOYS COMPANY OF CANADA, 


INDUSTRIAL AREAS *© CANADIAN PLANT IN MONTREAL: 


NEW 


WELD FAILURES ARE COMMON WITH CON- 
VENTIONAL HIGH HEAT WELDING ALLOYS 


A conventional high heat welding alloys 


produced this weld. Bead was difficult to 
Deposit is porous, slag was difficult 


Wide 


fluctuation occured, indicating poor weld- 


start. 


to remove amperage and voltage 


ability of electrode. 


EUTECTIC PRODUCES BETTER WELDS AT 
LOWER TEMPERATURES AND AMPERAGES 
EutecTrode 680 produced this weld. Bead 
is even and smooth. Deposit is dense and 


free from porosities and cracks. Superior 


arc control and ac ighest weld- 
“Amp-heat 


constant durin ig pass. 


tion prove hi 


ability. Input” remained 


YOU CAN SEE THE DIFFERENCE 
Eutectic’s patented, excl Low 
and Surface Alloying” met 


ing processes make possible com] 


Heat 


al join- 


isive 
Input 
metals at 


bonding between filler and bass 


temperatures far below fusion points of 


als. This avi 


stress invited 


base met ids warping, distor- 
conventional 


(B-11) 


tion and 


high heat welding materials 


Eutectic Welding Alloys Corporation 
40-40 172nd Street, Flushing 58, N.Y. 


Gentlemen: 


| would like further free information on 
the following: 


B-10 B-11 
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Free 170 page pocket Welding Data Book. 
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2 786.434 Work Hovper 
Orrin C. Klungtvedt, Rushford, Minn. 
The patented work holder positions a 

pair of work clamping Jaws on specialized 

holder means to provide controlled move- 
ment and these work 
clamping Jaws 


positioning ol 


2. 786,035 Arc WELDING 
Ernest Jeremy Hume, Carnegie, Vic- 
toria, Australia, assignor to Humes 
Limited, Melbourne, Victoria, Australia, 
a company of Victoria 
The patented apparatus 

means for welding the abutted longitudinal 
edges of a pipe body being formed from 
steel plate The plate is fashioned into 
an approximately cylindrical body with 
the two longitudinal edges in slightly 
spaced relationship and is passed to a 
welding electrode The welding apparatus 
includes a small feed hopper located with- 
in the pipe body for containing and feeding 
flux powder to the internal welding zone 
in the pipe as the spaced edges thereof are 
welded together Other means supply 
this feed hopper with flux from a storage 
hopper 

86,934-—-Fiux Back-up WHEEL FOR 

Wetpinc—Burl B. Obnstad, South 

Gate, Calif., assignor to American Pipe 

and Construction Co., a corporation of 

Delaware 


relates to 


This patent relates to apparatus for use 
with steel sheet or the like which has 
adjacent edge portions to be welded 
together by electric are welding means 
postioned above the work. The novel 
apparatus relates to back-up means in- 
cluding a wheel having the upper portion 
of its periphery adjacent the underside of 
the work. Suction means are provided 
for earrving flux on the upper portion of 
the periphery of the wheel to facilitate 
the desired welding action 
2,787,198 -Hincepo Wevpep Fasri 

William E. White, Bethlehem, Pa., 

assignor to Bethlehem Steel Co., a 

corporation of Pennsylvania 

White's patent relates to the provision 
of special hinge wire means for pivotally 
connecting two welded rod reticular units 
together 
2 787,234 Hover or SeTrer FOR WELD- 

inG-—Joseph A. Mach, Tulsa, Okla 

Mach’s patent is on a specialized appa- 
ratus for setting a nozzle or other tubular 
member having a flanged outer end in 
accurate angular relationship with a pipe 
for welding the inner end of the nozzle to 
the pipe. The setter includes a pair of 
spaced, upstanding shafts having ends 
adapted to seat on the pipe to which the 
nozzle is to be welded 
2 787,497 


Toren ror ApPLy- 
tina Harp Facing Marertat— Harry 


930 


UF 


prepared by Vern L. Oldham 


Printed Copies of patents may be obtained for 25c from the Commission 


V. Kough, Chester, Pa., assignor to 

Coast Metals, Inc., Little Ferry, N. J., 

a corporation of Delaware 

This patent Is on apparatus for apply ing 
hard surfacing material to a workpiece. 
The apparatus includes an oxy-fuel gas 
torch having a plurality of flame Jet ori- 
fices spaced from each other. These 
flame jet orifices converge so that the 
projections of the orifices meet at a point 
beyond the intended surface ol the work- 
piece with which the apparatus Is to be 
used. A powder contaie! is provided 
and it has a powder nozzle positioned with 
an outlet opening into the space between 
the jet orifices. Means eject powder 
from the container and powder nozzle at 
substantially lower velocity than that ol 
the flame jets from the orifices. The 
apparatus is designed so that a substantial 
part of the powder passes through the 
envelope flames of the flame jets while 
moving to the surface of the workpiece 


WELDING MACHINES 

Hans Alfred Schlatter and Emil Weg- 

mann, Zollikon-Zurich, Switzerland, 

assignors to Firma H. A. Schlatter A.G., 

Zollikon-Zurich, Switzerland. 

This patent relates to a flash welding 
machine including support for an article 
to be welded, and a stop member having a 
work engaging face and being earried by 
the support for movement to and from 
an operating position. The stop member 
engages a surface of the article to be 
welded in the operating position. A 
pressure member is carried by the support 
opposite the work engaging face of the 
stop member for movement towards and 
away from the face so that the pressure 
member engages an article to be welded 
and pressures it against the work engaging 
face of the stop member. A stop means is 
also provided and engages the stop mem- 
ber during its movement towards the 
operating position for limiting movement 
of the stop member and determining the 
operating position of the stop member. 


Metruop or Burr WELDING 
FuLLY AUSTENITIC STAINLESS STEEL 
Attoy Tupes—Nicholas C Jessen, 
Akron, Ohio, assignor to The Babcock 
& Wilcox Co., New York, N. , 
corporation of New Jersey. 


2,78 


7,699 


This patent relates to a method of butt 
welding fully austenitic Cr-Ni alloy steel 
tubes. The method comprises the steps 
of building up fucion weld deposits of 
partially ferritie Cr-Ni alloy steel on the 
ends of the tubes to be welded. The ends 
of axially aligned tubes are then welded 
together with a fusion weld joint of par- 
tially ferritie Cr-Ni alloy steel and an at- 
mosphere of inert gas, under super at- 
mospheric pressure, is maintained inside 


PATENTS 


er of Patents, Washington, D. C. 


the tubes while weld uniting the tubes to- 
gether. 


WELDED 
Alfred C. Stadthaus, Mayville, Wis., 
assignor to Mayville Metal Products 
Co., Mayville, Wis., a corporation 0! 
Wisconsin. 
This patent covers a special metal 
container having a sput welded thereto 
to give some flexibility therebetween 


2.788,233—Arc BrRaziING AND PINs 

THEREFOR—Maurice A. Enright, Lor- 

ain, Ohio, assignor to Gregory Industries 

Inc., Detroit, Mich., a corporation ol 

Michigan. 

Enright’s invention relates to a novel 
brazing pin and to a method of brazing 1 
to a workpiece. The brazing method 
includes the steps of melting the brazing 
material and cleaning opposing surfaces 
on the pin and work by establishing an 
are between the brazing material and the 
work, and then the pin is moved towards 
the work and some of the brazing materia! 
is allowed to solidify on the pin and work 
to form a brazed joint. 


2.788,429—Process AND Gas FOR INERT 

Gas SHIELDED Arc WeLpinc—Eugene 

L. Turner, Kansas City, Mo., and Ear! 

W. Seufert, Kansas City, Kans., a5- 

signors to General Motors Corp., 

Detroit, Mich., a corporation of Dela- 

ware. 

This patent relates to an are welding 
process wherein the novelty relates to 
shielding the are with a blanket of gas 
consisting of a uniform mixture of one 
part by volume nitrogen and from about 
20 to 22 parts by volume helium. 


2.788,430-—Gas Saving Wetp Box 
Sterling A. Oakley, Lincolnwood, Il. 
The patented welding box is adapted for 
compressing and positioning a continuous 
article to be welded as it passes through a 
chamber provided by the weld box 
Other means maintain a suitable atmos- 
phere in the chamber defined by the box. 


2.788,431—WeELDING APPARATUS FOR 
SEMICONDUCTOR TRANSLATING DEVICE 
Fred Wohlman, Jr., Inglewood, ¢ ‘alif., 
assignor to Hughes Aircratt Co., Culver 
City, Calif., a corporation of Delaware. 
A specialized welding apparatus of the 
type indicated is disclosed in the patent. 
The apparatus includes a member for 
positioning a quantity of mercury) and 
one element is disposed in the mercury to 
effect electrical contact between such 
element and the source of electrical 
energy. Other means are provided for 
moving and supporting a second element 
and to apply a welding pulse so as to 
secure the two elements together 
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BUILD UP 
WORN PARTS 


with tough 
AMSCO’ MANGANESE STEEL WELDMENTS 


To replace dipper parts worn away under severe impact and abrasion, Amsco 
offers Special Shapes, Bars and Repointers for build-up and repair. Often, service 
life of the rebuilt part is many times that of the original part. 

Amsco Manganese Steel is an extra-tough steel that has proved itself in years 
of use to be especially suited for applications where impact and abrasion are 
major problems. 


“WEAR-SHARP” CAST-TO-SHAPE GROUSER AND MANGANESE ROUNDS PLATES 
REPOINTERS REPOINTERS REPOINTER BARS ELECTRODES AND SHAPES 


*Patented 


Amsco Special Shapes, Bars and Repointers can be torch cut, tacked or joined 
together with Amsco Manganese Electrodes. The worn parts can be restored over 
and over again in this manner, assuring a longer work-life for service parts. Amsco 
Hardfacing Electrodes can be used to give additional wear-resistance at severe 
wear points. 

Contact your Amsco Welding Distributor for complete information. Or write for 
Amsco Bulletin MN-56 to American Manganese Steel Division, Welding Products 
Department, Chicago Heights, Illinois. 


Amsco Welding Products distributed in Canada by Canadian Liquid Air Co., Ltd. 


|) A NA SCO 


American Manganese Steel Division - Chicago Heights, Il. 


COMPANY 


S ANGELES. NEV ASTLE. DE KLAN A TTE, QUEBEC 
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Course In Metallurgy 


The Milwaukee Schoo! of Engineering 
is adding a new course in metallurgy 
technology to its curriculum offerings 
starting with the Fall Quarter in Sep- 
tember, 1957. 

The course will be an 
institute type 
Associate in 


IS-month 
curriculum 
Applied 
Metallurgy Tech- 


technical 
leading to an 
Science degree in 
nology. 

Included in the metallurgy curricu- 
lum, in addition to mechanical tech- 
subjects, will be Elementary 
Physical Metallurgy, Advanced 
Foundry, Ferrous Metallurgy, Non- 
ferrous Metallurgy, Metal Surfacing, 
Metallurgical Welding 
Metallurgy. 


nology 


Design, and 


Airco Breaks Ground for 
$9,000,000 Plant 


The Air Reduction Sales Company 
division of Air Reduction Co., Ine., 
today started construction of its multi- 
million dollar air separation plant in 
Acton, Mass., near Boston. The cost 
of the plant including related distribu- 
tion facilities, will be in excess of 
$9,000,000. The new Air Reduction 
facility, which is scheduled for comple- 
tion during the Summer of 1958, is 
designed to produce 75 tons of liquid 
oxygen, nitrogen, and argon per day. 

When completed, the Acton plant 
will be the fifth large air liquefaction 
plant to be constructed by Air Reduc- 
tion. The company already operates 
such plants at Butler, Pa., Riverton, 
N.J., and Chicago, Ill., and will soon 
complete construction of a plant at 
Los Angeles, Calif. 


G. E. Electronic Expands 


The Electronic Tube Division of the 
General Electric Co. 
offices in August from Schenectady, 
N. Y., to Owensboro, Ky., which now is 
headquarters for the entire electronic 
division. According to 
John T. Thompson, manager of distrib- 
utor sales of G. E. electronic com- 
ponents, the change is designed to 


moved its sales 


components 


broaden the scope of the company’s 
nation-wide distributor sales organiza- 
tion. 

The field sales force consisting of a 
network of 32 district sales managers 
and five regional sales managers will 
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continue in their present office locations 
in 27 cities throughout the country. 
Additional offices will be established 
when customer service requires as the 
parts distribution industry expands. 


Resistance Welding Shipments 
Steady 


Statistics compiled by the Resistance 
Welder Manufacturers’ Association in- 
dicate that shipments of resistance 
welding equipment by members during 
the first six months of 1957 have main- 
tained 
slightly below shipments for the same 
period of 1956. 

June shipments were more than $2!/, 
million, the fourth consecutive month 
above that figure. 

Backlog at the end of June was re- 
ported at nearly $11 million. 


an active pace, and are only 


TANK CONSTRUCTION 


Shop fitting is an important step in tank 
construction. This operation is seen 
being performed on a big acid tank by 
workmen at McAleenan Brothers Co., 
Pittsburgh, Pa., a subsidiary of Overly 
Manufacturing Co. This 21,330 gallon 
tank is made of 3/8-in. steel plate and 
measures 18 ft in diam by 14 ft in 
height. It will be bonded with lead 
and lined with acid brick and will 
be used by the Titanium Division of the 
National Lead Co. to store sulphuric 
acid at a temperature of 230 deg F. 
The tank was shop fitted to assure ac- 
curacy before being dismantled for 
shipment. 


Institute of Welding Elects 


Sir Charles Lillicrap and John Strong 
have been re-elected for a second year 
as president and vice-president, respec- 
tively, of the Institute of Welding. 

Sir Charles Lillicrap is a former 
Director of Naval Construction of the 
Admiralty. Mr. Strong is the Chair- 
man of Quasi-Are Limited. 


Course In Safety 


The Institute of Welding is organiz- 
ing a special one-day course for nurses 
in industry and safety officers to be 
held in London in the autumn. 

The course aims to explain how the 
welding processes give rise to certain 
hazards, and to describe their clinical 
effects; the law in regard to the use of 
welding, and the steps necessary to 
ensure the health and safety of the 
people who work with the processes, 
will be discussed. 


COMING 
EVENTS 


A Calendar of Welding Activity 


AWS National Meetings 
1958 Spring Meeting and Welding 
Show: 
April 14-18, Statler Hotel, St. Louis, 
Mo. 
NWSA 
West Central Zone Meeting: 
November 11-12, 1957, The Cos- 
mopolitan, Denver, Col. 
Western Zone Meeting: 
November 14-15, 1957, 
Hotel, Las Vegas, Nevada 


ASM 


November 4-8, 1957. Thirty-ninth 
National Metal Exposition & Con- 
gress, concurrently with Second 
World Metallurgical Congress, In- 
ternational Amphitheatre, Chicago, 


Ill. 


Riviera 
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Tube Turns Observes 30th 
Anniversary 


Tube Turns, Louisville, Ky., observed 
its 30th anniversary on July 19. 

The company, a division of National 
Cylinder Gas Co., Chicago, is the na- 
tion’s largest manufacturer of welding 
fittings and flanges for industrial piping 
systems, and a major producer of forg- 
ings tor jet and conventional aircraft 
engines. 

Tube Turns was founded by M. Keith 
Dunham, who served as president until 
1939: Walter H. Girdler, Sr., who 
headed the company until his death in 
1945; Charles J. Haines, now president 
of National Cylinder Gas Co., the parent 
organization, and E. G. Luening. 

George O. Boomer, chairman of the 
executive committee of the National 
Cylinder Gas Co., was president of Tube 
Turns from 1945 until his retirement in 
1956. He was succeeded by John G. 
Seiler. 

When Tube Turns began business 
three decades ago, it was the first pro- 
ducer of forged seamless welding fit- 
tings in the United States. As the com- 
pany grew, branch plants were estab- 
lished at Los Angeles in 1950, and at 
Houston in 1953. In 1948, Tube Turns 
of Canada Ltd., a subsidiary of National 
Cylinder Gas Co., was organized to serve 
the Canadian market, and it has a 
modern plant at Ridgetown, Ontario. 

Tube Turns was owned equally by the 
Keith Dunham Co. and the Kentucky 
Oxygen Hvdrogen Co., and their suc- 
cessors, the National Cylinder Gas Co. 
and The Girdler Corp. until June 1, 
1953. On that date the National Cyl- 
inder Gas Co. and The Girdler Corp. 
merged, and Tube Turns became a sub- 
sidiary of National Cylinder Gas Co. 
It became a division on Jan. 1, 1954 

The products of Tube Turns are used 
chiefly by the petroleum, gas transmis- 
sion, power, chemical, nuclear energy 
aircraft and other industries that are 
rapidly expanding. 


Air Products 
Aldan Oxygen 


Air Products, Inc., Allentown, Pa 
has acquired the assets of Aldan Oxygen 
Manufacturing Co., Philadelphia, it was 
announced by Leonard P. Pool, presi- 
dent of Air Products. 

According to Mr. Pool, the acquisition 
will permit Air Products to extend its 
Cylinder Gas Division activities into 
Philadelphia and surrounding area. 
The Philadelphia operation will operate 
as Air Products, Incorporated under the 


management of Ek. J. tosser, who 


founded the Aldan Co. in 1942. 
Aldan Oxygen Manufacturing Co. 
manufactures and distributes oxygen 
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Vulcanized, permanent 


cable splices 
WITHOUT POWER LOSS 


=~ 


IN YOUR 
OWN PLANT 
OR IN THE 


New Portable Kit... 
includes crimping press, 
cable cutter 

and vulcanizing mold. 


New CAM-LOK portable Cable Splicing Kit produces 
vulcanized, neoprene insulated cable splices anywhere in 
just 5 minutes . . . makes them waterproof, shockproof. 


Simply strip back insulation on cables. . 
ends in copper tube supplied . . . 
vulcanize outer sleeve to cable 


sleeve over crimp 


insert bare 


crimp . . . place inner 


jackets. No tools or experience needed . . . no production 


delays. 


Insulating sleeves are vulcanized 
cable... can't pull away .. . pre- 
vents moisture from entering and 
damaging cable. 


Conductivity of splice is as good 
as the cable itself. Cables are 
crimped under great pressure into 
@ pure copper crimping tube. 


Completed splice is tapered and 
only slightly larger than cable, so ° 
cable won't be caught on obstruc- 
tions when dragged. 

Bulletin No. 243 contains full in- 
formation on this new Kit and Cable 


Splice " Write today for your copy 


Economical . .. because of low cost 
of components . . . allows you to 
splice as little as two, 2’ sections 
together, which might otherwise be 
wasted. 


Splice is flexible, because inner 
sleeve eliminates voids or weak 
spots in the insulation. 


Finished insulation of splice will 
withstand 2,500 volts without any 
leakage. 


CAM-LOK Division 


Empire Products, Inc. 


P. 0. Box J-98, Cincinnati 36, Ohio 
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nitrogen, acetylene, hvdrogen, and argon 
to various and industrial 


plants in Eastern Pennsylvania. 


hospitals 


NCG Licensed to Make Swiss 
Rail Welders 


Exclusive U.S. 
to a machine 
standard railroad 
tinuous quarter mile length in less than 
been 


manufacturing rights 
that weld 
into one 


Swiss ean 


rails con- 
two and one-quarter hours have 

National Cylinder 
announced by Charles J. 


obtained by Gras 
Co., it 
Haines, president. 

The arrangement 
facturing in 
Central and 
America. 


was 


also covers manu- 
Mexico, 


South 


rights ‘anada, 


America most of 


BRAZING COSTS CUT 


24% to 62% 


simply by STANDARDIZING 


on New, Westinghouse Brazing Alloys! 


These newly developed alloys — that save 
$1.00 or more per pound!—are made by 
exclusive, gas-blanketed extrusion meth- 
ods! This eliminates trouble-causing 
oxides! — produces remarkable ductility, 
flow characteristics and finished appear- 
ance —all thoroughly proved throughout 
vast Westinghouse operations! Then, 


PHOS-COPPER® — Lowest 
cost. High fluidity. Very fast 
brazing alloy. Self fluxing on 
copper. Brazing range: 1350° 
to 1400°. 


PHOS-SILVER * #2—Lowcost, 
but less fluid than PHOS- 
COPPER—to bridge gaps, 
and fill “open” joining. Braz- 
ing range:1325° to1375°, *t-™. 


PHOS-SILVER 6M — Mushy, 
easily controlled flow. Off-sets 
poor fit-up. Bridges As” gaps. 
Especially ductile! Brazing 
range: 1275° to 1350°. 


agreements to make the 
rail welder have 


License 
patented automatic 
been signed with H. A. Schlatter AG., 
world-famous Swiss manufacturer of 
resistance welding machines, Mr. Haines 
said. Work is under to establish 
production of the entire unit in this 
country. 

Continuous-welded rails, Mr. 


way 


Haines 


said, provide a smoother ride, eliminate 
the “clickety-clack” of cars over rail 
gaps, reduce maintenance on cars 


damaged by running over uneven rail 
joints and virtually eliminate 
rail ends and the high 
maintenance caused by low joints. 

The Schlatter rail flash resistance 
butt welder, NCG spokesmen said, can 
perform at a rate of 15 rail joint welds 
per hour—two to three times faster than 


wear on 


track 


cost of 


these advanced-type brazing materials are 
NOW ANALYSIS CERTIFIED — assuring you the 
same, consistent, best possible brazing results! 

Order trial package NOW from this 
MOST COMPLETE LINE OF BRAZ- 
ING MATERIALS IN THE INDUS- 
TRY! You'll save money and braze better 
TOMORROW! J-22083-A 


PHOS-SILVER—For critical, 
tightest joints. Extremely pene- 
trating! Excellent for brass and 
bronze. Brazing range: 1225° 
to 1275°. 


PHOS-SILVER 15 — Mushy 
flow characteristics. Wide 
melting range. Available for 
government specifications. 
Brazingrange:1325°tol375°. 


Convenient packaging, 18” lengths, 1-lb and 5-lb tubes. Standard 
25-lb package, 36” lengths. SAME ALLOYS AVAILABLE IN 
ROD FORM—WIRE IN COILS—or in rings! 


you CAN BE SURE...IF ITs Westinghouse we 


For more details, circle No. 28 on Reader Information Card 
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conventional rail welding methods. 
Costs are estimated to be as low as halt 
those for conventional unwelded joints 
or other welding methods used in this 
country. 

The entire unit—welder, 
tric power unit and auxiliaries 
three full-size railway freight cars. 


diese] elec- 


Tepley and McFadden 
Form Company 


Organization of the Industrial and 
Utilities Specialty Co. to furnish south- 
eastern industries a specialized consult- 
ing service on materials, tools, and 
equipment has been announced by Ek. J 
McFadden and George L. Tepley. The 
firm’s headquarters will be in Chat- 
Tenn. and they will specialize 


and weld- 


tanooga, 
in the metallurgical, ceramic, 
ing fields. 

MeFadden has been General Manager 
of Combustion Engineering Inc.’s Home 
Equipment Division for eight and one- 
half vears and previously spent ten years 
with the General Electric Co. Tepley 
comes from the C. D. and 
the Chattanooga Welders Supply Co., 
specializing in the metallurgical. weld- 


Genter Co. 


ing, and alloy fields. 
Mr. Tepley is a member of the Amer- 
ican Welding Society. 


Aeroprojects Forms Subsidiary 


Aeroprojects Inc. of West Chester, 
Pa., has recently formed a subsidiary 


company, Sonobond Corp., to manufac- 


ture, sell, and service ultrasonic metal 
joining equipment that Aeroprojects 
has developed. Formation of the new 
company was announced by <Aero- 
projects’ president, J. Byron Jones. 
Aeroprojects’ management has long 
recognized that manufacturing, sales 


engineering, selling, and servicing of 
ultrasonic equipment should be divorced 
from Aeroprojects’ normal activity, 
which is essentially research de- 
velopment of ultrasonic applications at 
the power level. Accordingly, 
bond Corp. has been organized to devote 
its effort to assisting industry in the use 
of the three novel lines of ultrasonic 
metal joining equipment developed by 
Aeroprojects during the past six vears: 
Sonoweld, ultrasonic non-fusion welding 
equipment; Sonobraze, ultrasonic flux- 
less brazing equipment; and Sonosolder, 
ultrasonic fluxless soldering equipment. 
This is the only company in the world 
known to specialize in the manufacture, 
sales, and service of an extensive line of 
ultrasonic metal joining equipment. 

Aeroprojects vice-president W. 
Potthoff has been named president of 
Sonobond Corp. which will also be 
located in West Chester, Pa. 


and 


Sono- 
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Correspondence Course in 
Resistance Welding 


The Resistance Welder Manufac- 
turers’ Association in conjunction with 
the International Correspondence 
Schools have completed final prepara- 
tion for an L.C.S. course in resistance 
welding technology. 

Students in this course will acquire 
the knowledge of the operation of all 
types of resistance machines. They 
will learn various welding techniques 
and their applications in each specific 
type ol welding, and the methods and 
proper procedures necessary for quality 
welding operations, 

For more complete details, write to 
the Resistance Welder Manufacturers 
Assn., 1900 Arch St., Philadelphia 3, Ps 


Annual Meeting for Independ- 
ent Welding Distributors 


The Independent Welding Distribv- 
tors Association held their ninth annual 
meeting in Reno, Nevada on June 27-28 
1957. 

Distributor members and their fam- 
ilies from Alaska, Hawaii, and the 
Western United States attended this 
two day meeting 

The election of officers for the vear 
1957-58 named Otto Koll, Welders 
Supply Service, Modesto, Calif. as 
president and W. V. Raymond 
California Welding Supply Co., Stock- 
ton Calif., vice-president. M. J 
Andrews, Salinas, Calif., was retained as 
secretary-treasurer, 

The Directors are: S. J. Sigler 
Sigler’s, Fresno, Calif., M. F. Coyne 
California Oxygen Co., Sacramento 
Calif., T. ML. Kean, Sierra Oxvgen Co 
Reno, Nevada, H. E. Bailey AW 
Bailey Equipment Co., San Diego, Cali 
O. H. Koll, Welders Supply Service, 
Modesto, Calif R. F. Balaam 
Balaam Brothers, Emeryville, Calif 
and W. V. Raymond, California Weld- 
ing Supply Co., Stockton, Calif. 

The next annual meeting of — the 
Independent Welding Distributors As- 
sociation will be held at Disnevland in 
Anaheim, Calif, 


K-G Appoints Distributor 


The California Oxygen Company of 
Los Angeles has been named to handle 
K-G Equipment Co. welding and cut- 
ting equipment in California, through 
its eight outlets in that state. 

Karl Schmuldt, vice-president of The 
K-G Equipment Co. of Allentown, Pa., 
pointed out that complete inventory 
and service facilities will now be avail- 
able for customers at San Diego, Los 
Angeles, Salinas, Watsonville, San Fran- 
cisco, Sacramento, Yuba City and 


Redding. 
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Crimping-roll 
life increased 


1000% 


In forming irrigation couplers and sprinkler 
outlets, crimping rolls had to be replaced every 
7,000 pieces. Metal-to-metal wear was severe. 

3ut then, mandrel and wheel were overlaid 
with Ampco-Trode 300. 70,000 pieces had been 
produced at the time the picture above was 
taken, and the male and female rolls were still 
going strong 


Scrap losses were practically eliminated 
So were scratching and galling reworking 
costs went down substantially 


Can you enjoy similar savings on your 
drawing and forming operations? Talk it over 
with your nearby Ampco distributor. Or mail 
coupon below today 


Sole producer of genuine Ampco Metal 
AMPCO METAL, INC., 


Milwaukee 46, Wisconsin 
West Coast Plant: BURBANK SALIFORNIA 


Reg P ff 

—__Tear out coupon and mail 
AMPCO METAL, INC. 

Dept. WJ-9, Milwaukee 46, Wis. | 

Send me your latest bulletin giving further information on 

Ampco-Trode 300 and other Ampco electrodes | 

Name 

Company | 

Address | 

City Zone State | 


For more details, circle No. 29 on Reader Information Card 
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Diamonite Appoints nessee and the District of Columbia. 
— Frank Ford, is president of the firm, 

Distributors which was formerly Frank Ford and 
Diamonite Products Manufacturing Associates, manufacturers agents. 

Co., Canton 3, Ohio, has named Weld- Both Mr. Good and Mr. Ford are 

ing Process Equipment Corp., 1302 members of the AMERICAN WELDING 

Bryn Mawr Ave., Cheiago 40, IIL, to SOCIETY. 


handle sale of Diamonite shielded-are 
welding cups in the Chicago trading 


area, including portions of Iowa and Transfers at M & T 


Indiana, as well as Illinois. President 


and general manager of the newly- Metal & Thermit Corp., New York, 
appointed firm is William P. Good. has announced the following transfers, 
The second distributor appointed by effective July lst, among members of 
Diamonite Products is Ford Supply its middle management group: 
Co., 3120 Mapee Drive, N. E., Atlanta D. W. Oakley, previously technical 
5, Ga. Ford will distribute for Dia- advisor to the president has been made 
monite from its Atlanta warehouse in the production manager. Mr. Oakley has 
states of Florida, Georgia, North and been with Metal & Thermit since 1947 
South Carolina, Alabama, eastern Ten- and from 1952 to 1956 was manager of 
atented 


OSITION Aronson TracTred (T M. Reg ) Turning Rolls for thin-walled heavy 
ex 


cylindrical work to 27 tons capacity. Zero to 100 IPM 


to your turning speed and Built-In Grounding 


Heavy Duty Precision Built Rubber and Steel Tired Turning 
and Pipe Rolls, 100% overload protected 
Capacities to 300 Tons 


Heavy Duty Gear Driven 
Positioners, with Magne- 
tic Braking, Mercury 
Grounding, and Optional 
Speeds. Capacities to 
120,000 Ibs 


Heavy Duty Floor Turntables with 

precision speed control and Mag- 

netic Braking, used for welding, 

burning, X-raying, etc. Capacities 

to 120,000 Ibs., various heights 
and speeds 


Fully Automatic Gear Driven Positioners 
featuring Power Elevation, Tilting and Rotation 
Capacities to 120,000 Ibs 


Mpa ged 
Capacities to 1000 Ibs 


Bench Turntable Automatic Positioners with 
Mercury Grounding Capacities to 500 Ibs 


Aronson Twinner Per 
manent Magnetic 
tho Aronson Universal Balance Positioners Rugged Head and Tail Stock for positioning 
wi ; housands of TM. Reg ) position your weldments bulky weldments between centers. Table 
uses in welding set-up work nstantly for downhand Backup for Zero Deflection, Magnetic 


Hectivel 
Write for bulletin ne 
e welding. Capacities to 2000 Ibs Braking. Capacities to 160,000 Ibs 


Write for detailed engineering data 


ONS ON MACHINE COMPANY | 
ARCADE, NEW YORK 
For more details, circle No. 30 on Reader Information Card 
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its Carteret, N.J., plant. 

H. A. Rack, who was _ production 
manager, has been appointed manager 
of engineering. Mr. Rack has been 
with the company in various engineer- 
ing and managerial capacities since 1944. 

H. Carpenter, Jr., has been ap- 
pointed technical advisor to the presi- 
dent. Mr. Carpenter joined Metal 
Thermit in 1955 as assistant manager 
of market development. 

K. E. Doud, has been made assistant 
manager of engineering. 

R. E. Davis has been transferred 
from the company’s central engineering 
department to its market development 
division. 


Sales Districts Increased 
by A. O. Smith 


To provide better customer service, 
the A. O. Smith Corp’s. Welding 
Products Division has increased the 
number of its sales districts, according 
to R. W. Raney, division general sales 
manager. 

L. G. Crowley continues to manage 
the Milwaukee area sales force. Sales 
personnel in the newly created Chicago 
and Detroit districts now report to 
W. P. Finneran and A. M. Brinson, 
former sales representatives in those 
cities, 

D. H. Buerkel will continue direction 
of the Atlantic States sales force. 
Supervision of remaining districts is 
unchanged. 

The Messrs. Raney, Crowley, and 
Buerkel are members of the AMERICAN 
WELDING SoOcIETY. 


Helium Aids Satellite 


Helium, an “inert’’ gas, will help 
boost the first man-made earth satellite 
Vanguard beyond the pull of gravity 
and into its world-encircling orbit. 

Helium is being supplied under 
government contract through National 
Cylinder Gas Co. to Aerojet-General 
Corp., Los Angeles, builder of the 
second-stage propulsion system for the 
Vanguard vehicle. 

The rare gas, which takes its name 
from the Greek word for sun, helios, 
will be used in pressurizing the liquid- 
propellant tanks for the second-stage 
rocket engine of the satellite’s launching 
vehicle. 

The second-stage system 
being constructed by Aerojet takes over 
at about 37 miles and is expected to 
boost the unit containing the satellite 
up to about 300 miles. There the third 
stage will be ignited and accelerate 
the satellite to the necessary speed to 
maintain an orbit. 

Prime contractor for the Vanguard 
satellite is The Martin Co. 
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Just You TRY 
to Break a 


TIP CLEANER 


sSive non-breakable advantage of 


) TIP cleaners didr 


ature resulted after 10 years re- 


experience That's 


THERMO Spiral Tir 


as to its cleaning efficiency and 


lasting performances Yes, just TRY ¢t 
then you'll know why 


All Progressive Welding Supply Dealers 
Recommend THERMO TIP CLEANERS 


THER MACOTE 


108 S Delacey Ave. 
PASADENA, CALIFORNIA 


Circle No. 32 on Reader Information Card 


Eutectic Expands Abroad 


“By 1958, overseas production capa- 
bilities of Eutectic ‘Low Temperature 
Welding Alloys’ will be 


mented by establishment of new plants 


strongly aug- 


in Brazil and Switzerland,’’ it was an- 
nounced by Rene D. Wasserman, Presi- 
dent, Eutectic Welding Alloys Corp., 
40-40 172nd St., Flushing 5S, N. Y. 
This announcement of ‘‘EKutectic’s’’ 
expansion 
ceremonies for a new plant which began 
England, in 


plans followed dedication 


operations in London, 
February. 

To meet the 
South American 
acquired plant in Sao Paulo 
now being equipped. Initial produc- 
tion is scheduled for June. 

Simultaneously, final 


needs of expanding 


industry, a newly 


srazil is 


architectural 
plans specifications for a new 
plant in Lausanne, Switzerland, have 
prepared and approved. 
Actual construction is now in its initial 
with completion scheduled for 
early 1958 

“An international network of regional 
plants sensitive to local industrial re- 
quirements is our objective,’ Mr. 
Wasserman said. “As an_ industrial 
market develops we will be sufficiently 
manned and equipped to provide needed 


also been 


stages, 
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t just happen—No 


why we say no 
r make can match a THERMO; and 

prove that statement is to send 
Cleaner and put 


welding alloys to effect maximum weld 
savings.” 


Executive Changes at Marion 
James Mullaney, president of Uni- 
versal Marion 
nounced the promotion of Adrien F. 
Busick, Jr., vice-president, engineering, 
to the position of executive vice-presi- 


Corporation has an- 


dent and general manager of Marion 
Power Shovel Co. Mr. Busick will 
have complete charge of all functions 
and operations of the plants at Marion. 
This appointment will permit Milton 
T. Smith, president of the division, to de- 
vote his time to furtherance of customer 
relations and promotion of the com- 
pany’s products, Mr. Mullaney stated. 

A further announcement was made of 
the voluntary retirement of David E 


Rizor, vice-president, Large Machine 
Sales. He was succeeded by Maurice 
V. Cornell who assumed that position 
effective Aug. 1, 1957 

Election of William R. LeMasters to 
the additional position ol vice-president 
was also made known. Mr. LeMasters 
was recently elevated to the position of 
secretary-treasurer. 

Mr. Busick joined 


Marion in 1929 
and has continuously served in engineer- 
ing and corporate staff functions. He 
is a member of the AMERICAN WELDING 
SOCIETY 

Mr. Rizor has enjoyed continuous 
service with Marion since 1928 in the 
sales department and as an officer of the 
company. Mr. Cornell was formerly 
associated with Marion Power Shovel 
Co. in sales. 


Man, 
this ZIP electrode's 


He’s right. The new Westinghouse ZIP-14 universal electrode handles easily 


in all positions, has very low spatter loss, deep penetration, fast burnoff, 


feather-touch slag removal and a quiet, smooth are. 


This powdered-iron elec- 


trode fits both E-6014 and E-7014 classifications. There’s no burning through, 
no undercutting even on vertical down work. 

What more can you ask for in an electrode? 

We know you'll like it. Try it in your own shop—under your conditions! 


It will sell itself! 


J-21984 


Only Westinghouse offers this welding leadership! 


you can BE SURE...1F Ts Westi nghouse 


For more details, circle No. 31 on Reader Information Card 


News of the Industry 


AZ \ 
} | 
S. 
search, and 
the best w 
Gm the greatest! 
— 
937 


Aluminum cranes are now being welded 
using semiautomatic equipment. 


New Alcoa welding alloy 


makes possible the aluminum crane 


For a long time, the idea of an aluminum crane has 
interested designers. Much lighter in weight, it would 
permit lower cost building foundations or a higher capacity 
crane on the same foundations. But how to make it? 
Riveted construction is outmoded and expensive. 

Now aluminum cranes are being built, thanks to a new 
Alcoa alloy. Designated 5456, this new alloy has the highest 
as-welded strength of any commercial aluminum alloy yet 
developed. Guaranteed minimum properties are 42,000 
psi ultimate and 19,000 psi yield on the plate and equally 
good ultimate strength across the weld. 

Using the new alloy and the inert-gas consumable-elec- 
trode process, it costs no more to fabricate aluminum 
cranes than steel cranes. There are long welding runs in- 
volved, up to 60 feet, and semiautomatic equipment is used. 
Speeds as high as 80” per minute are achieved. 

In addition to their light weight, these aluminum cranes 
can be used in corrosive atmospheres and will require no 
painting. 

For more details, circle No 


938 


Alcoa is headquarters for fresh and exciting ideas like 
this on how to weld, braze or solder aluminum. Get in 
touch with an Alcoa distributor listed at right. And write 
now for booklets and films that show how easy it is to weld, 
braze and solder aluminum. Aluminum Company of 
America, 1741-J Alcoa Building, Pittsburgh 19, Pa. 


Alternate Sunday Evenings 


ip THE ALCOA HOUR —Television’s Finest Live Drama 


Your Guide 
to the Best in 
Aluminum Value 


ALCOA 
ALU AAINU 
WELDING PRODUCTS 


Company oF 


. 33 on Reader Information Card 


THE WELDING JOURNAL 


‘ere 
— 
— 
- 
4 
a" 
or 
| 


Want technical help in w 


elding, brazing or sol- 


dering aluminum? Contact your Alcoa sales 
office, listed under “Aluminum” in the Yellow 


Pages of your phone book 
For immediate delive 


ry of Alcoa welding 


products, call your Alcoa outlet listed below. He 


carries a complete range of alloys and sizes. 


ALABAMA 
Birmingham 
Hinkle Supply Co. 
CALIFORNIA 
Los Angeles 
Ducommun Metals & 
Supply Co. 
Pacific Metals 
Company, Ltd. 
San Francisco 
Pacific Metals 
Company, Ltd. 
COLORADO 
Denver 
Metal Goods Corp. 
FLORIDA 
Jacksonville 
J. M. Tull Metal & 
Supply Co., Inc. 
Miami 
J. M, Tull Metal & 
Supply Co., Inc. 
Tampa 
J. M. Tull Metal & 
Supply Co., Inc. 
GEORGIA 
Atlanta 
J. M. Tull Metal & 
Supply Co., Inc. 
Southern Oxygen Co. 
ILLINOIS 
Chicago 
Machinery & Welder 
Corp. 
Steel Sales Corp. 
Moline 
Machinery & Welder 
Corp. 
KENTUCKY 
Louisville 
Williams and Co., Inc. 
LOUISIANA 
New Orleans 
Metal Goods Corp. 
MARYLAND 
Baltimore 
Southern Oxygen Co. 
Whitehead Metal 
Products Co., Inc. 
Bladensburg 
Southern Oxygen Co. 
Salisbury 
Southern Oxygen Co. 
MASSACHUSETTS 
Cambridge 
Whitehead Metal 
Products Co., Inc. 
MICHIGAN 
Detroit 
Steel Sales Corp. 
MISSOURI 
Kansas City 
Metal Goods Corp. 
St. Louis 
Metal Goods Corp. 
NEW HAMPSHIRE 
Nashua 
Edgcomb Steel of 
New England, Inc. 
NEW JERSEY 
Harrison 
Whitehead Metal 
Products Co., Inc. 
Merchantville 
Southern Oxygen Co. 
Vineland 
Southern Oxygen Co. 
NEW YORK 
Albany 
Whitehead Metal 
Products Co., Inc. 
Buffalo 
Whitehead Metal 
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Products Co., Inc. 
New York 

Southern Oxygen Co. 

Whitehead Metal 

Products Co., Inc. 
Syracuse 

Brace-Mueller- 

Huntley, Inc. 

Whitehead Metal 

Products Co., Inc. 
NORTH CAROLINA 
Asheville 

Southern Oxygen Co. 
Charlotte 

Southern Oxygen Co. 
Greensboro 

Southern Oxygen Co. 
Raleigh 


Southern Oxygen Co. 


OHIO 
Cincinnati 

Williams and Co., Inc. 
Cleveland 

Nottingham Steel & 

Aluminum Co. 

Williams and Co., Inc. 
Columbus 

Williams and Co., Inc. 
Toledo 

Williams and Co., Inc. 
OKLAHOMA 
Tulsa 

Metal Goods Corp. 
OREGON 
Portland 

Pacific Metal Co. 
PENNSYLVANIA 
Philadelphia 

Edgcomb Steel Co. 

Southern Oxygen Co. 

Whitehead Metal 

Products Co., Inc. 
Pittsburgh 

Williams and Co., Inc. 
York 

Southern Oxygen Co. 
TENNESSEE 
Kingsport 

Southern Oxygen Co. 
Knoxville 


Southern Oxygen Co. 


TEXAS 
Dallas 
Metal Goods Corp. 
Houston 
Metal Goods Corp. 
UTAH 
Salt Lake City 
Pacific Metals 
Company, Ltd. 
VIRGINIA 
Arlington 


Southern Oxygen Co. 


Charlottesville 


Southern Oxygen Co. 


Lynchburg 


Southern Oxygen Co. 


Norfolk 

Southern Oxygen Co. 
Richmond 

Southern Oxygen Co. 
Roanoke 


Southern Oxygen Co. 


WASHINGTON 
Seattle 

Pacific Metal Co. 
WEST VIRGINIA 
Bluefield 


Southern Oxygen Co. 


WISCONSIN 
Milwaukee 
Machinery & Welder 
Corp. 


Gas Produced for Northwest 


The first liquid oxygen, nitrogen and 
argon producing plant the 
Northwest is now in production at In- 
dustrial Air Products Co., according to 
Gilbert Schnitzer 

The 25-ton capacity plant has been 
under construction 
months its completion 


Northwest industry, 


hospitals and gov- 


1958 AWS NATIONAL SPRING 


PLAN NOW 


for 


MEETING 
APRIL 14-18 
ST. LOUIS, MO. 


ernment agencies of a continuing supply 
of liquid gases. This latest installation 
increased Industrial Air’s oxygen 
producing plant area to some 20,000 


Supplementing the new plant, four 
liquid oxygen trailers have been added 
by Industrial Air to provide delivery of 
large quantities of these gases at one 
time for customer storage and use. 


Machine designers from a variety of companies and different sections of the 
country discuss their problems in search of better ways to design machinery weld- 
ments. This interest in welded machine design was revealed at the first of a series 
of machine design seminars being offered this year by The Lincoln Electric Co. at 
The seminar lectures and discussions cover both de- 
sign and welding and how to relate the two for the best designs. Participants also 
present their own problems for discussion by the group. Lincoln has scheduled ad- 
ditional seminars to be held in Cleveland, which are open to designers and engi- 
neers interested in the redesign of castings and the design of weldments. 


their Cleveland, Ohio, plant. 
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INTERNATIONAL 
WELDING NEWS 


10th Annual Meeting Held By IIW In Essen 


The 1957 Annual Assembly of the Inter- 
national Institute of Welding was 
organized by the Deutscher Verband 
Fiir Schweisstechnik (German Welding 
Society) and was attended by nearly 
S00 delegates and their wives from 21 
countries. It was held in Essen from 
June 30th to July 6th; the first 3 days 
coincided with the Exhibition 
“Welding and Cutting” which many 
participants visited 

The program for the Assembly, which 
was excellently organized by a German 
Organizing Committee, included two 
meetings of the Governing Council of 
the Institute, four meetings of each of 
its fifteen technical Commissions and a 
public session of the presentation of 
papers. In addition, opportunities were 
given for delegates to meet socially, 
and a full program of entertainment was 
organized for ladies accompanying them. 

The outgoing president, Dr. Howard 
Biers WS, was unfortunately prevented 
by illness from attending the Assembly, 
throughout which the president’s duties 
were performed by the deputy president, 
Professor H. E. Jaeger (Netherlands). 
Dr. U. Guerrera (Italy), who was 
elected in 1956 to sueceed Dr. Biers, 
was installed as the new president at 
the end of the Assembly. 

Professor F. Rapatz (Austria) and 
Professor M. Radojkovie (Yugoslavia) 
were elected vice-presidents of the 
Institute in succession to Dr. C. G. Keel 
(Switzerland) and Senor Vilanova 
(Spain). 

The treasurer, W. Edstro (Sweden) 
and the Secretary-General, G. Parsloe 
(United Kingdom) were each re-elected 
for further terms of office of 3 years. 

The Slovenian Institute of Welding 
of Ljubljana (Yugoslavia) and the 
Centre for Technical Research of 
Timisoara (Rumania) were elected mem- 
bers of the Institute. The latter is the 
first Rumanian body to join, and its 
election brings the number of countries 
represented on the Institute up to 25. 

The American delegation, 29 strong, 
was headed by William Spraragen, 
sponsor delegate to the L[W and director 
of the Welding Research Council. 
Others in attendance were A. Amirikian, 
Bureau of Yards and Docks, Dept. of 
the Navy; E. J. Brady, president of 
Alloy Rods Co.; David P. Brown, 
president of the American Bureau of 


940 


Part of the audience attending the Tenth Annual Meeting of the IIW Public Session, 
Essen, Germany, on Monday, July 1, 1957 


Shipping; Arthur R. Gatewood, vice- 
president—engineering of the American 
Bureau of Shipping; F. X. Gilg, execu- 
tive assistant of Babcock & Wilcox 
Co.; T. J. Griffin, Bureau of Ships of the 
Dept. of Navy; Wm. J. Harris, Jr., 
assistant to director of Battelle Memor- 
ial Institute; Frank W. Hussey, chief 
cf the metal joining branch of Pitman- 
Dunn Labs., Frankford Arsenal; T. 
Exmbury Jones, president of Precision 
Welder and Flexopress Corp.; A. N. 


Kugler, chief welding engineer, Air 
Reduction Sales Co.; L. J. Larson, 
construction engineer—welding, Allis- 


Chalmers Mfg. Co.; Niels C. Miller, 
president of Miller Electric Mfg. Co.; 
Ernest F. Nippes, Dept. of Metallur- 
gical Engineering, Rensselaer Poly- 
technic Institute; Fred G. Outcalt, asst. 
mgr., electric welding, Linde Co.; George 
Pease, Welding Section, Res. Lab., 
International Nickel Co.; Raymond A. 
Pulk, Detroit Arsenal; Marvin G. 
Sedam, Alloy Rods Co.; Solomon Sheer, 
Department of Buildings, City of New 
York; D. C. Smith, chief metallurgist, 
Electrode — Division, Harnischfeger 
Corp.; Robert D. Stout, head of the 
Department of Metallurgical Engineer- 
ing, Lehigh University; Helmut 
Thielsch, metallurgical engineer, Grin- 
nell Co. Inec.; Bruno Thiirliman, Fritz 
Engineering Lab., Lehigh University; 
R. W. Vanderbeck, chief res. engr., 
structural and plate, applied res. lab., 
U.S. Steel Corp.; J.S. Vanick, develop- 
ment and research div., International 
Nickel Co.; Rene D. Wasserman, 
president of Eutectic Welding Alloys 
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Corp.; T. T. Watson, Lukens Steel 
Co.; C. W. Wheatley, A. O. Smith 
Corp.; and Z. J. Fabrykowski, Re- 
search and Development Div., Ord- 
nance Tank-Automotive Command. 


Work of the Commissions 

Useful work was accomplished by the 
Commissions of the Institute at the 
Essen meetings and will be described in 
reports by their Chairmen which will be 
issued later in the year. 

Many of the decisions taken and 
later ratified by the Governing Council 
concerned the release, for publication 
in the technical press, of documents 
prepared either by the Commissions or 
by individual members of them. These 
documents, which number 22, concern 
filler metals for surfacing; the hydrogen 
content in weld metal; the testing and 
inspection of spot welds; 
practices for flash welding with pre- 
heating; recommended practices for 
radiographic inspection of fusion-welded 
joints on steel plates up to 2 in. (50 mm) 
thick; a reference block for ultrasonic 
inspection; magnetic-particle methods 
of inspecting welds; standardization 
(are welding equipment, resistance weld- 
ing equipment and filler metals and 
electrodes); an acceptance method of 
testing weldable steels using the V-notch 
Charpy test; the slow notch-bend test; 
welding cracks in the heat-affected zone 
of air hardenable alloy steel; brittle 
fracture; the stress relief of alloy steels; 
fatigue (examples of fatigue failure, 
statistical interpretation of fatigue test 
results); the training of welding instruc- 
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2700 tons of island rest on these 
7 


272-feot welded caissons. With 
giant seas and howling gales to 
stand against, every seam must 
be sound. Radiography provided 
the evidence of each weld’s quality. 

Each weld was radiographed 
using a 10 curie pill of cobalt 60. 
And because Kodak Industrial 
X-ray Film, Type AA, provides 
greatly increased film speed, expo- 
sure times could be moderate. 


While giving speeds up to twice 


Sturdy legs for 


| Radar eyes... 


One of America’s offshore radar warning towers—Texas Tower II]I—built 


by Walsh Holyoke Division, Continental Copper and Steel Industries, Inc. 


...with each seam checked on 


Kodak Industrial X-ray Film, Type AA 


that of the former Kodak Type A 
Film, this new film retains the fine 
sensitivity characteristics which 
made Type A the most widely 
used x-ray film in industry. 


Your x-ray dealer and the 
Kodak Technical Representative 
will gladly tell you how this new 
film can improve your radio- 
graphic operation and help you 
get more out of your present x-ray 
or gamma-ray equipment. It can 
pay you to get in touch with them. 


EASTMAN KODAK COMPANY 
X-ray Division, Rochester 4, N. Y. 


For welding, Kodak Industrial X-ray Film, Types AA, M, 


and K, are available in the new 70mm by 550 ft. package. 
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Read what the new Kodak Industrial 
X-ray Film, Type AA, does for you: 
@ Reduces exposure time—speeds up routine 
examinations 
@ Provides increased radiographic sensiti\ ity 
through higher densities with established 
exposure and processing technics. 
Gives greater subject contrast, more detail 
and easier readability when established 
exposure times are used with reduced 
kilovoltage 
Shortens processing cycle with existing 
exposure tec hni 
Reduces the possibility of pressure 
desensitization under the usual shop 


conditions of use. 


C2 
TRADE MAGK 
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tors; and edge preparation for fusion 
welding. 

The Governing 
sidered the special arrangements to be 
made for the publication of a document 
on the influence of various factors in the 
radiographic examination of butt welds 
and on the comparison of different types 
of imago-quality indicators. 

In addition, the Governing Council 
approved the publication, under the 
auspices of the ITW, of: a revised 
edition of the Classification Table for the 
Institute's quarterly Bibliographical Bul- 
letin for Welding and Allied Processes: 
a handbook on radiographic apparatus 
and technique; and the “Are Welding” 
section of the Institute’s Multilingual 
Collection of Terms for Welding and 
Allve d Prov 

A certain number of documents was 


Council also con- 


also approved for forwarding to the 
International Standards Organization 
(ISO) with which the Institute continues 
to work in close collaboration. 
Cooperation between the ITW and the 
UATI and IFD (Union of International 
Engineering Organizations and Inter- 
national Federation of Documentation) 


was also discussed, 

Twenty-six papers by authors from 
10 countries 
Publie Session organized on the occasion 
of the Assembly and held on July Ist. 


were presented at the 


Sixty-three different compositions enable you to determine 
and control working temperatures from 113° to 2000° F. 

TEMPILSTIK® marks on workpiece “say when” by 
melting at stated temperatures — plus or minus 1%. 
ALSO AVAILABLE IN LIQUID AND PELLET FORM 


DEPT. 
. STATE TEMPERATURES OF INTEREST—PLEASE! 


‘“*WELDING SALES’ 
PELLETS .. 


The following aspects of the main theme 
of the “The Metallurgy of 
Welding” were treated by the authors: 


session 


1. Gas absorption and its influence 
on weld metal 


to 


The behaviour of welds as regards 
aging and caustic embrittle- 
ment 

3. The metallurgy of brazing 

4. The metallurgy of the welding of 

stainless and _heat-resisting 
steels of ferritic, semi-ferritic 
and austenitic types 

5. The metallurgy of the welding of 

non-ferrous metals 

1. Titanium and its alloys 

2. Magnesium and its alloys 

3. Aluminum and its alloys 

$. Nickel and its alloys 


The papers were presented in the 


~ 


above groups by German rapportours 
and gave rise to a lively discussion. 

As is now customary at I[W Assem- 
blies, an exhibition of welding literature 
was organized at Essen and enabled 
members to see up-to-date literature on 
welding published throughout the world. 

A catalogue of the publications ex- 
hibited for the first time at Essen has 
been prepared by the German Organiz- 
ing Committee of the Assembly. It 
forms a continuation of the two cata- 


WRITE 
FOR SAMPLE TEMPIL® 


Jogues dealing respectively with the 
Florence Exhibition and the Zurich and 
Madrid Exhibitions and is a valuable 
addition to the general bibliography 
which the successive catalogues of these 
ILW Exhibitions constitute. 

Members of the Assembly had an 
opportunity to see 23 modern films on 
welding which had been lent for the 
occasion by 5 member countries. 


Next Annual Assembly 


The 1958 Annual Assembly will be 
held in Vienna, Austria, from June 29th 
to July 5th. For the public Session to 
be organized on the occasion of this 
Assembly, the following theme has been 
“Welding in the Chemical 

Sessions to be held within 


chosen: 
Industry.” 
this general theme will concern (1) in- 
fluence of the method of welding, of 
preheating and of finishing operations 
on the properties of welded assemblies 
in comparison with those of the parent 
metal; (2) welding of clad metals 1/m 
lining; (3) problems in the 
welding of equipment for the chemical 
industry and for nuclear plants; (4) 
design and calculation of welded 
products working under high pressure 
and at high temperatures; and (5) 
typical examples of welded construc- 
tions. 


special 


Available in 
these Temperatures (F.) 


113 375 1000 
125 388 1050 
138 400 1100 
150 413 1150 
163 425 1200 
175 438 1250 
188 450 1300 
463 1350 
213 475 1400 
225 488 1450 
238 500 1500 
250 550 1550 
263 600 
275 650 1650 
288 700 1700 
3 750 1750 
313 800 1800 
325 850 1850 
338 900 1900 
350 950 1950 
363 2000 


Tempil corporation 132 WEST 22ND STREET, NEW YORK 11,N. Y. 


Visit our Booth ¢1041 at the Chicago Metal Show, November 4-8, 1957 
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® Here is a handy, 24-page guide that will help you 
pick the right electrode for any job! Electrodes are 
identified by type, AWS grade and color coding, 
chemical and physical analyses and suggested uses to aid 
the welding engineer, purchaser, and designer. 

The M&T Electrode Selector has been called the 
“handiest practical guide to electrode selection made 
available in years” And it’s yours free! 


Write Metal & Thermit today for a copy. 


Metal & Thermit MUREX(R) 


electr 


odes for mild low, 

alloy and stainless steels, 
aluminum bronze, cast iron, 
and aluminum; SPEEDEX iron 
powder electrodes: and 
HARDEX hard surfacing 
electrodes are available 
throughout the U. S. 


WELDING SUPPLIES 
METAL & THERM™MIT 
CORPORATION 


. GENERAL OFFICES: RAHWAY, 
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Kalvelage Appointed 
by Ampco 


The Weldrod Department of Ampco 
Metal, Inc., Milwaukee 46, Wis., has an- 
nounced the appointment of Bernard 
A. Kalvelage as welding engineer. 

Mr. Kalvelage formerly served as 
welding technician with A. 0. Smith 
Corp., Milwaukee, where he acquired 
considerable experience in the use and 
application of Ampco Bronze Weldrod 
products. He is ASME Boiler Code 
approved for metal-are and_ inert-gas 
welding on steel and has taught oxy- 
acetylene welding and brazing. 


Kordwitz and Laver Named 
by K-G 


Two new appointments within the 
K-G Equipment Co. have been an- 
nounced. 

Norman M. Kordwitz, previously 
sales coordinator for K-G Equipment 
Co., has been appointed merchandising 
manager. In this capacity he is re- 
sponsible for maintaining customer 
relations, coordinating sales efforts, 
merchandising and advertising —pro- 
grams. 

Albert W. Lauer, formerly chief 
engineer, was appointed engineering 
director with the responsibility of 
directing new products and methods. 
Mr. Lauer is a member of the AMERICAN 
WELDING Society. 


Howland Retires 


Owen L. Howland retired on June 
30th as a special representative of 
Metal & Thermit Corp. 

“Duke”? Howland, for many years a 
prominent figure in the welding indus- 
try, joined Metal & Thermit in 1943 
after serving in Washington with the 
War Production Board. He had pre- 
viously been associated with the Hollup 
Corporation, a division of National 
Cylinder Gas, and before that with 
wineoln Electric Co. From 1949 to 
,955 he was sales manager of Metal & 
Thermit’s Welding Division with head- 
quarters first in Chicago and laterin New 
York. In 1955 he returned to Chicago 
us special sales representative to 
serve national accounts having head- 
quarters in the middle west. Mr. 
Howland is a member of the AMERICAN 
WELDING Sociery 
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Dempsey Appointed by 
Industry & Welding 


Thomas L. Dempsey has been ap- 
pointed general manager of Industry 
& Welding and Welding Illustrated 
magazine, according to an announce- 
ment by Irving B. Hexter, president of 
the Industrial Publishing Corp., Cleve- 
land. 

In his new post, Mr. Dempsey will 


direct the over-all activities of the 
magazine’s sales organization and edi- 
torial staff 

He is a member of the board of 
directors and a vice chairman of the 
Cleveland section of the AMERICAN 
WELDING Soctery, and is a member of 
the national education committee of the 
SOCIETY. 

For the past seven vears, Mr. Demp- 
sey has been associated with the Lincoln 
Klectrie Co., Cleveland, as a_ sales 
engineer. 

In addition to direct sales engineering 
and sales consultant work for the com- 
pany, he also directed courses in the 
design of efficient weldments, both at 
the Lincoln plant, and in user company 
facilities throughout Ohio. 

He is a graduate of Fenn college, with 
a bachelor degree in electrical engi- 
neering. 


Scarlett Elected by United 
Welders 


Clyde F. Kaunitz President, 
United Welders, Inc., Bay City, Mich., 
recently announced the election of Jack 
A. Searlett vice-president, manu- 
facturing. 

Mr. Searlett was graduated from 


Thomas L. Dempsey 


University of Cincinnati as a mechanical! 
engineer in 1938. He has held manage- 
ment positions with General Motors, 
Seeger Refrigerator and Servel, having 
in all positions been associated with 
equipment such as special welders and 
automated sheet metal assembly op- 
erations similar to the machines de- 
signed and built by United Welders, 
Inc. 


Basich Appointed by 
Alloy Rods 


The appointment of John R. Basich 
to the Alloy Rods Co. sales organization, 
was announced recently by Mr. E. R. 
Walsh, III, Vice-President in Charge 
of Sales. Mr. Basich will be a field 


John R. Basich 


representative calling on customer ac- 
counts in the San Francisco and Bay 
areas. In addition, he will work with 
distributor organizations in northern 
California, and in the state of Washing- 
ton and Oregon. 

Prior to joining Alloy Rods Co., 
Mr. Basich was with the Consolidated 
Western Division of U.S. Steel in their 
fabrication and welding departments. 
His headquarters in the San Francisco 
area will be 26 O'Farrell St., San Fran- 
cisco 8, Calif. 


Goldsby, Hamilton and Lange 
Promoted by CB&l 


Fred L. Goldsby, vice-president and 
formerly general sales manager, lias been 
appointed assistant to the president, 
Chicago Bridge & Lron Co., Chicago, 
Ill. 

S. C. Hamilton, formerly district 
sales manager, Houston, Tex., has been 
made a vice-president and general sales 
manager of CB&I, with headquarters in 
Chicago. 
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Ford Motor Company’s Aircraft Engine Division was one 
of the first to use the Vickers Controlarc DC Welder. 

At the time this versatile magnetic-amplifier-rectifier 
welder was first introduced, Ford had just completed a 
survey of all the welders on the market. From this study 
followed recognition of the need for a welder that would 
provide: better arc stability, retention of arc characteristics 
under line voltage fluctuations, wider current range and 
good performance at very low currents, quick speed 
of response and recovery from arc short, control of volt- 
ampere curve and easy remote foot control. It was evident 


$ Controlare’* 
the Versatile DC Welder 


that a frue magnetic amplifier welder would most closely 
meet the special requirements of their aircraft fabrications. 


Today, many companies in the aircraft industry acknowl- 
edge the excellent performance characteristics of the 
Controlarc, and have accepted this fine machine in the 
fabrication of aircraft, guided missiles and nuclear com- 
ponents. 

From exacting aircraft requirements to simple, rugged 
heavy load air-cutting—the Vickers Controlarc can do a 
job for you. 


WRITE TODAY for information. 
Represented in Canada by: 


Williams & Wilson, Limited— 
Montreal, Toronto, Quebec City, 
Ottawa, Windsor and Cornwall 


VICKERS INCORPORATED 
STREET « 


1853 LOCUST 


General Welding & Industrial 
Supplies, Limited — 


Toronto *Trademarks 


aunit of Sperry Rand Corporation 


SAINT LOUIS 3, MISSOURI 
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Fred L. Goldsby 


K. W. Lange, formerly with the firm 
at the San Francisco Sales office, has 
been appointed Houston district sales 
manager. 

Mr. Goldsby, who joined CB&I in 
1927 in the Chicago Shop, has been 
general sales manager and a director 
since 1954. Mr. Goldsby attended Brad- 
ley University and the University of 
Illinois, from which he received a B.S. 
degree in Civil Engineering in 1927. 

Mr. Hamilton, district sales manager 
in Houston since 1940, and a director of 


=, 


S. C. Hamilton 


CB&l since 1946, is a 1929 graduate of 
lowa State College. with a B.S. degree 
in Civil Engineering. 


JOIN NOW! 


If you are interested in better 
welding, lower fabrication costs 
and increased productivity, you 
will gain from investment in 
AWS Membership. You can 
learn how to join by writing 
AMERICAN WELDING SOCIETY, 
33 West 39th Street, New York 
18, N.Y. 
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Mr. Lange joined Chicago Bridge & 
Iron Co. in 1941 in the Chicago Erection 
District and since 1947 has been in the 
He grad- 
uated from the Oregon State College in 
1939 with a B.S. degree in Civil Engi- 
neering and from Yale University in 
1941 with a degree of Master of Engi- 
neering. 

Mr. Hamilton and Mr. Lange are both 
members of the AmMeRICAN WELDING 
SOCIETY. 


San Francisco Sales office. 


Burke and Townsend 
Appointed by Tweco 


Tweco Products, Inc., Wichita, Kan., 
announces the appointment of Mr. 
Thomas A. Burke, Jr. as the North 
Central District manager. Mr. Burke 
will have charge of sales in the states of 


Thomas A. Burke 


James L. Townsend 


Illinois, Indiana, Michigan, and Wis- 
consin. Before joining Tweco, Mr. 
Burke was with the Machinery and 
Welder Corp. as a district salesman. 

The company also announces the 
addition of James L. Townsend to the 
administrative staff of the Wichita 
office. Before joining Tweco, Mr. 


Personnel 


Townsend was a student at the Uni- 
versity of California at Berkeley, where 
he graduated with a degree in Business 
Administration. 

Mr. Townsend is a member of the 
AMERICAN WELDING SOCIETY. 


OBITUARY 


Noah A. Kahn 


Noah A. Kahn, head metallurgist at 
the New York Naval Shipyard, died on 
Thursday, June 20th while attending 
the American Society for Testing Mate- 
rials Annual Convention in Atlantic 
City. 

Mr. Kahn graduated in Chemical 
Engineering from Lehigh University in 
1922. After 4 vears as Research 
Metallurgist with the Bethlehem Steel 
Co., he took up postgraduate work at 
Washington University where he re- 
ceived the Degree of Master of Science 
in 1927. Since 1927, he has been with 
the New York Naval Shipyard where he 
held the responsible position of head 
metallurgist. In 1944, he received the 
Meritorious Civilian Award for dis- 


tinguished service to the Navy. 

Mr. Kahn was author of numerous 
papers covering various aspects of non- 
destructive testing and physical metal- 
lurgy. His work on 


brittle fracture 


Noah A. Kahn 


phenomena in ship plate and on notch- 
toughness of weld deposits has been 
published in the Welding Research Sup- 
plement. He was a frequent speaker 
before technical groups and_ societies, 
and served on The Pressure Vessel 
Research Committee of the Welding 
Research Council. He was a member 
of several technical societies. 

Mr. Kahn is survived by his wife, 
Helen, and two daughters, Naomi and 
Carol. 
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lf it's worth engineers’ time... 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


Magnet Wire * Lead and Fixture Wire * Power Supply Cords, Cord Sets and Portable Cord ¢ Aircraft Wires’ 
Welding Cable ¢ Electrical Household Cords * Electronic Wires * Automotive Wire and Cable 


For more details, circle No. 38 on Reader Information Card 
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Filler Metal Comparison Charts Available 


The AMERICAN WELDING SocieTy an- 
nounces the publication of a very 
comprehensive set of welding rod and 
electrode comparison charts contained 
in a 24-page, Ll-in. booklet. The 
brand names of 61 companies are in- 
cluded, 12 AWS-ASTM_ specifications 
are involved and two indexes list brands 
as well as manufacturers’ names. 

This series of filler metal comparison 
charts was developed to supply an inter- 
national demand for answers to the 
following questions: 

What classification is Brand X? 

Does Brand X come within the same 
classification as Brand Y? 

Who makes it? Who distributes it? 

Over twelve months of research were 
necessary before this information could 
be obtained, checked, classified and 
assembled. The magnitude of the 
task can be judged by the twelve AWS- 
ASTM classifications involved: Mild 
Steel Electrodes, Iron and Steel Gas 


Welding Rods, Covered Aluminum 
Electrodes, Covered Stainless Steel 
Electrodes, High Tensile and Low- 


Alloy Steel Electrodes, Copper Alloy 
Kleetrodes, Copper Alloy Welding Rods, 
Brazing Filler Metal, Bare Stainless 
Steel Welding Rods and Electrodes, 
Bare Aluminum Welding Rods and 
Electrodes, Covered Nickel Alloy Elec- 


trodes and Tungsten Electrodes. 


This booklet of filler metal comparison 
charts is the most complete ever assem- 
bled. Sixty-one manufacturers coop- 
erated by supplying data on their 
products. It should prove invaluable 
to those who specify material or who 
have the responsibility of 
welding rods and electrodes which come 


selecting 


within a given classification. 

One very important feature of the 
booklet is the ease with which brand 
identification can be made. An alpha- 
betical index lists the brand names and 
another index lists the full names and 
addresses of manufacturers. 

Copies can be obtained from the 
AMERICAN WELDING Soctety, 33 West 
39th St.. New York IS, N. Y. Price 
$2.00 postpaid. 


Resistance Welders 


New Bulletin 8-313, the Taylor-Win- 
field Corp., Warren, Ohio, describes re- 
sistance welders designed to mass-pro- 
duce electrical contact, conductor, and 
Illustrated are 
samples of welded assemblies, special 
welding equipment tooling re- 
quired for mechanized handling. For 
your free copy, circle No. 39 on Reader 
Information Card. 


terminal assemblies. 


Welding Distortion 


A 48-page booklet entitled Control 
of Welding Distortion is now available 
from the Institute of Welding, 54 
Princes Gate, London, 8. W.7, England. 

The booklet outlines the causes of 
distortion, and describes the methods by 
which it may possibly be avoided, con- 
trolled, or corrected in practice. It is 
offered as a practical guide for all those 
who use are and oxyacetylene welding 
processes, 

For your copy, write to the Institute 
of Welding at the above address and 
enclose 5s. Postage will be free. 
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Wall Chart 


The Stulz-Sickles Co., Port Ave. at 
Julia St., Elizabeth, N. J., has pre- 
pared for distribution a 28- x 45-in. wall 
chart which depicts actual sizes of the 
23 different shapes of ‘““Manganal 11% 
13! manganese-nickel steel wedge 
The chart also lists complete 
dimensions and estimated weights per 
foot of Manganal flats, rounds, squares, 
and triangle applicator bars, in addition 
to illustrations of the five sizes of 
special shape applicator bars and the 
W ing-Ding individual slip overs. 

For your free copy, circle No. 40 on 
Reader Information Card. 


bars. 


Welding Nozzles 


Literature entitled “When You Buy 
Nozzles—Are You Sacrificing Perform- 
ance?” is now from the 
Linde Co., division of Union Carbide 
Corp. The manufacture and_ testing 
of ‘“Oxweld” nozzles are described. 
For your free copy, circle No. 41 on 
Reader Information Card. 


available 


Engineering Data Sheet 


A new two-color S! x 11 two-page 
Engineering Data Sheet (No. 5) listing 


recommendations for 
hard- 


grinding wheel 
finishing overlays of Colmonoy 
surfacing alloys is now available from 
Wall Colmonoy Corp., 19345 John R 
St., Detroit 3, Mich. 

The new data sheet lists in tabulaz 
form recommended wheels for use on 
Colmonoy nickel-base, cobalt-base and 
iron-base alloys. 

For your free copy, circle No. 42 
on Reader Information Card 


Welding Positioners 


Aronson Machine Co. announces that 
a 12 page bulletin No. HTS57 is now 
available featuring eight (S) distinctive 
models ranging in capacities from 5000 
to 160,000 Ib. Complete data on each 
model is given plus a page of comprehen- 
sive specifications and quality features 
including the following: 
tion, positive ground current conduc- 
tion, and a wide range of optional ex- 
tras—over 50 different tables from 
which to choose. 

For your free copy, circle No. 43 on 
Reader Information Card. 


Precision rota- 


Arc Welding Manual 


A new instruction guide to learning 
the basic skills of are welding has been 
published by The James F. Lincoln 
Are Welding Foundation, Cleveland 17, 
Ohio. The 40-page booklet, entitled 
“Manual of Instruction for Arc Weld- 
ing,’’ contains explanatory diagrams, 
illustrations and ideas for useful 
projects. The booklet can be used for 
self-instruction or as a text for a basic 
course in are welding. 

The manual discusses basic welding 
techniques and skills and topics such 
as the effect of heat on metals; common, 
high carbon, alloy and tool steels and 
their preparation for welding, brazing, 
cutting, soldering, hardsurfacing, pipe 
welding and sheet metal welding as well 
as welding supplies and equipment. 
Also included are pictures of useful 
equipment and tools that can be made 
by welding. 

For your copy, send 50¢ to The 
James F. Lincoln Are Welding Founda- 
tion, Cleveland 17, Ohio. The manual 
will be mailed postpaid. 
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These shoes, hard-faced with HAYNES STELLITE 
alloy No. 1, resist abrasion from the coke parti- 
cles and the lining of the oven floor. The hard- 
faced deposit does not chip or spall under the 
thermal shock of returning from 1800 deg. F., in 
the oven, to ordinary atmospheric temperatures. 


“Haynes,” “Haynes Stellite’” and “Union Carbide ire registere¢ 


Hard-Faced 


COKE PUSHER SHOES 
Last Over Years 


|: eres severe abrasion, heat, and thermal shock 
produced by riding over the coke-covered floor of 1800- 
deg. F. ovens—these shoes hard-faced with HAYNES 
STELLITE alloy No. 1 lasted over two years. Ordinary 
steel shoes wore out in two months. 

Whatever your wear or abrasion problem, there is a 
HAYNES hard-facing alloy especially made to combat it. 
There are 18 HAYNES hard-facing alloys ...a wide se- 
lection that assures economical protec- 
tion from the most severe conditions of 
heat, corrosion, erosion, or wear. For 
the complete story write for descriptive 
literature or contact our nearest sales 
office. HAYNES STELLITE COMPANY, 

Division of Union Carbide Corporation, 
General Offices and Works, Kokomo, 
Indiana. 


ALLOYS 


HAYNES STELLITE COMPANY 
Division of Union Carbide Corporation 
Kokomo, Indiana 


UNION] 
CARBIDE 


of Union Carbide Corporati 


For more details, circle No. 44 on Reader Information Card 


SEPTEMBER 1957 


fer 

HAYNES Alloys solve the tough wear problems ' pa 

aie, 

x 

: J | 

ation 

949 


Alloy News For your free copy, circle No. 47 on 
Reader Information Card. 


The Wall Colmonoy Corp. 19345 
John R St., Detroit 3, Mich., announces 
the availability of Volume 2, Number Safety 
bot ¢ ‘olmonoy Alloy News. It contains 
number of articles on brazing and hard 


The Health and Safety Sub-Commit- 
tee of the Institute of Welding is pre- 
paring «a series of information sheets 
under the general title of Accidents and 
ther Prevention, and the first of these 
has now been published, It deals with 
A-C Welders the dangers al carelessly releasing free 


oxygen gas into confined spaces. 


surtacing. 


For vour free copy, cirele No. 45 


on Reader Information Card. 


Publication GEC-1259C, four pages, 
illustrated, includes product features, 
specifications, power re uirements, oper- 
ating data and list of optional features 
for General Electrie a-¢ welders in 300-, 
100- and 5SO00-amp ratings. Available 
from the General Eleetrie Company, 
Schenectady 5. N.Y 

kor your Iree copy cir le No. 4iion 


These information sheets are designed 
to encourage work people to be more 


conscious of the common causes of 
accidents in the use of welding and 
cutting ejuipment. They do not. re- 
place the Institute's publication Health 
and Safety in Welding, which is a reter- 
ence book. 

For your free copy, circle No. 49 on 
Reader Information Card. 


Reader Information Card 


Flash Welding 


The Tavyvlor-Wintield Corporation of 


Stainless Steel 


Warren, Ohio, has released their four- A 12-page issue of Eutectic’s semi- 
page booklet, No. 575, entitled “Weld- monthly Technical Information Digest 
It.’ An article describing “flash weld- (TIS 2818) entitled “Fabricating the 
ing automobile frames” is included. Stainless Steels,” is now available from 
Sulletin SP-4A, describing hydraulic Technical Information Service, Eutectic 
ontrols for flash welders, is also men- Welding Alloys Corp., 40-40 172nd St.. 
tioned in the booklet. Flushing 58, New York, N.Y. 


ALL-STATE STAINLESS 


dispenser 
for Mr. Fix-It 


-- - 


Melds smoothly into 
brazing operations. 
Permits elimination 
of paste flux. Rug- 
gedly compact, sized 


flux. The only good | Solder. Useable on 
way to keep silver | stainless, monel, 
solder safe and ready | brass, bronze, steel, 
for maintenance and | copper. Contains 6 
for work-week with- | service men. Six | ft. No. 430 Silver- 
out refilling. Attack choices from 3 kinds, | Bearing Stainless 
to fuel line on truck | 2 lengths. Save time Solder and supply of 


Includes wire and All-State’s greatest 


SOLDERING. 


or station... and money. | flux. 1 job saves cost. 

see your buy from ' buy by the doz. from 

DISTRIBUTOR DISTRIBUTOR DISTRIBUTOR 
for demonstration | he keeps stocks | local stock 


All-State Welding Alloys Co., Inc. White Plains, N. Y. 


ALL-STATE ALLOYS AND FLUXES 


REQUEST COMPLETE LIST OF THESE PRODUCTS FOR PROBLEM SOLUTIONS 


For more details, circle No. 48 on Reader Information Card 


New Literature 


The manual discusses the metallurgy 
of the different stainless steels. Data 
are developed to help the welder 
prevent weld weakening intergranular 
corrosion thus preventing reduced re- 
sistance of the stainless steel to 
aqueous, corros ve solutions. Welding 
techniques and alloy selection are given 
for the “low heat input” process which 
minimizes the warping, distortion, 
cracking. embrittlement and other un- 
desirable metallurgical changes in the 
base metal which occur with conven- 
tional high heat welding materia s. 

For vour free copy, circle No. 59 on 
Reader Information Card. 


X-Ray 


A series of portable, industrial X-ray 
equipment for radiographic inspection 
of castings. welds, and assemblies is 
illustrated and described in a 2-color 
t-page folder that has just been re- 
leased by Mitchell Radiation Products 
Corporation, 128 East Washington 
Street, Norristown, Pa. The three 
units of the MS series presented—with 
respective ranges of 55-200, 70-260 
70-300—all reportedly have built-in 
high tension transformers, color-coded 
technique charts on the face of the 
control panels, and protective devices 
for overloads, high voltage, excessive 
voltage and excessive oil temperature. 

For vour free copy, circle No. 51 on 
Reader Information Card. 


REVIEWS 


OF NEW BOOKS 


Design of Welded Structures 


Design of Welded Structures with 
Practical Applications (ReSeni Svaro- 
vanych Konstrukei A Otazky Praxe 
Vol. 3 of Priruéka Svarovanf, edited by 
Prof. Frantisek Faltus and 10 collab- 
orators. Published in Czech by Statni 
Nakladatelstvi Technické Literatur) 
Prague, 1955, 600 pages. 45.30 Kés 
(about $6.30). 

This is a good theoretical and prac- 
tical textbook for engineering students. 
The book is divided into three parts. — In 
the first part there are three chapters 
on design of welded connections, design 
of welded structures and design of pres- 
sure vessels. The second part applies 
design principles to simple machine 
components, welded electrical —ma- 
chinery, railroad rolling stocks, loco- 
motives and rail joints, steel tubing and 
piping, bridges, structures and repair 
work. The third part deals in the non- 
destructive and mechanical testing 
health and safety. 

(Reviewed by Dr. G. E. Claussen 
Metals Research Laboratories, /:lectro- 
metallurgical Co., Niagara Falls, N.Y.) 
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THROWING MONEY AWAY? 


YOU ARE, IF 

You scrap /) 
SPILLED AND 
FUSED FLUX! 


When you discard spilled and fused flux, 
you're throwing profits to the wind. A large 
automotive plant solved this problem by in- 
stalling the Simplicity Flux Reclaim Unit, and 
saving $5,000 a month salvaging used flux. 


Sound good? It should, if your plant is 

equipped with submerged arc welders. The , 
Simplicity Flux Reclaimer is designed to crush Cray) 

used flux, remove metal particles, dust and 


fines, and give you refined flux ready for 
re-use. Mixed in proper ratio with new flux 


(depending upon type of work) welds are 
obtained equal to those made with new flux. ’ 


Equipped with a two surface vibrating feed- 
er, bucket elevator, double deck vibrating 
screen, 15” x 9’ crusher and two magnetic- 


pulleys, the Simplicity Flux Reclaimer will 


more than pay its own way. 


Complete installation drawings and prices of 
these SIMPLICITY units may be had by writing 
directly to the factory .. . a logical first step 


in determining ALL the money-saving possi- 


bilities these machines may hold for you. 


View of 12” x 4'9” two surface oscillating 
feeder, showing side discharge for removing 
scrap, metal particles and other foreign 
objects. 


SALES REPRESENTATIVES IN ALL 
PARTS OF THE U.S.A. 

FOR CANADA: Simplicity Materials 
Handling Limited, Guelph, Ontario 
FOR EXPORT: Brown and Sites, 

50 Church Street, New York 7, N. ¥ 


mplicity 


ENGINEERING COMPANY DURAND 23, MICHIGAN 


For more details, circle No. 52 on Reader Information Card 
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Welding Positioner 


Model 21TS completely fills the need 
for a fully-automatic positioner — to 
match the latest high precision produc- 
tion welding processes for welding ti- 
tanium, according to the manufacturer, 
Aronson Machine Company, Areade, 
New York. The ‘Titanium Special’ 
is said to provide a gas-tight seal plate 
under the 60-in. round S-slot, precision 


machined table. The seal plate is 
(4-in. in diameter and allows the user to 
place a plastic gas-tight dome over 
table and workpiece to weld in gaseous 
atmosphere. The positioner features 
precision controlled rotation at variable 
speed and fast positioning, powered 
tilting and powered elevating, all pre- 
set in an electrical panel. 

The load capacity is 5000 lb with cen- 
ter of gravity 6 in. above table and 4 in. 
off-center and provides 20,000 Ib-in. 
rotation torque. 

For more details, circle No. 53 on 
the Reader Information Card. 


Flowmeters 


A new line of dual-range flowmeters 
is now being marketed by Air Reduction 
Sales Co. Known as the 1600 Series, 
thev are designed for inert-gas welding, 
flushing molten metals. laboratory 
service, and many other industrial 
applications where accurate control and 
constant visual check of flow rate are 
required 

According to the manufacturer, flow 
ranges of the new flowmeters are 
sufficiently wide to meet gas demands 
formerly requiring more than one meter- 
ing device. Rapid in-service switching 
from either flow range to the other is 
done by means of a piston-type selector 
valve. Flow rate within either range 
is controlled by a sensitive needle valve. 


952 


Accuracy is maintained under all service 
conditions and is not affected by back 
pressures. 

The series includes seven direct- 
reading flowmeters, each for a specific 
gas, and one general-purpose flowmeter, 
provided with calibration curves, which 
will meter any of five gases. A combi- 
nation of two or more flowmeters can 
be used to proportion «a mixture of 
gases. 

The new flowmeters can be attached 
to cylinder or pipeline regulators, di- 
rectly to pipelines, or they can be bench 
or wall mounted by means of the special 
mounting clamp supplied. 

For more details, circle No. 54 on 
Reader Information Card. 


Oxyacetylene Welding Outfit 


An improved model of its Prest-O- 
Lite No. 420 welding and cutting outfit 
capable of welding up to * ,-in. and cut- 
ting up to 2 in. has been introduced by 
Linde Co., Division of Union Carbide 
Corp. 


This outfit still includes the Prest-O- 
Lite No. 420 blowpipe which welds, 
cuts, heats and brazes without a cutting 
attachment. However, some changes 
now make the blowpipe even easier to 
use. According to the manufacturer, 
the cutting oxvgen lever has been moved 
to the top of the handle where it can be 
turned on or off with the thumb. A 
green plastic ring has been placed around 
the oxygen valve and a red ring around 
the acetylene valve for quicker and more 
positive identification. 

Besides the No. 420 blowpipe and 
R-412 and R-413 regulators, the new 
model Prest-O-Lite No. 420 Welding 
and Cutting Outfit includes: four in- 
terchangeable tips (3 welding, | cutting), 
12 '+ft length twin hose, goggles, 
friction lighter, wrench, and complete 
instructions. 

For more details, circle No. 55 on 
Reader Information Card. 


Hard Surfacing 


Dril-tec 86, 88, and 89, hard-surfacing 
alloys depositing tungsten carbides on 
steel, cast iron or copper alloys without 
fusion are now available from Eutectic 
Welding Alloys Corp., 40-40 172nd 
Street, Flushing 58, New York, N. Y. 

According to the manufacturer, all 
three Dril-Tee rods are composite, 
heterogenous, preformed hard overlay- 
ing materials for providing cutting and 
or wear and abrasion surfaces on equip- 
ment used for drilling, boring, reaming, 
earth removing, burning shoes, coring 
tools and bucket teeth. 

For more details, circle No. 56 on 
Reader Information Card. 


Silicon Rectifiers 


Two new. silicon power rectifiers 
(Types 302 and 303) are now available 
from the Westinghouse Electric Corpo- 
ration. Models 302 and 303 are her- 
metically sealed silicon rectifying cells 
providing d-c currents up to 35 amp 
and 22 amp halfwave, respectively, 
with a maximum peak inverse voltage 
up to 600 volts. 

According to manufacturer, the for- 


ward voltage drop of cell 302 will not 
exceed 0.9 v at a forward current of 10 
amp in ambient temperatures of 25 to 
35 deg C. Reverse leakage of the cell 
is & maximum 20 ma at rated peak 
inverse volts and maximum tempera- 
ture. Maximum = operating junction 
temperature is 190 deg C. For cell 3038, 
the forward voltage drop will not exceed 
1.2 v at a forward current of 10 amp in 
an ambient temperature of 25 to 35 deg 
C. Reverse leakage is a maximum 
10 ma at rated peak inverse volts 
and maximum temperature. Maximum 
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Why it pays to specify Westinghouse 
IGNITRON TUBES, the“industry standard” 


Westinghouse invented and produced the 
first Ignitron tube. Since then, constant im- 
provements have maintained Westinghouse 


eer 


leadership in the Ignitron field—improvements ks 
that are today’s accepted industry standards: e 
© Kovar seals to permit use of steel envelopes. ee. 
© Improved Ignitors to insure accurate ignition. a 
e Thermostatic control for overload protection 4 
and water savings. 

@ Stainless steel envelopes for corrosion-free oa 
long life. a 

® Inner cylinder in direct contact with cooling ue 


water. 


The wide acceptance of Westinghouse Ignitron 
Tubes by the welding industry is proof of their 
superior quality and performance. It will pay 
you to use Westinghouse Ignitrons in both new 
and existing welding equipment. For your 
convenience they are readily available through 
Westinghouse Distributors everywhere. 


you CAN BE SURE...1F ITS 


Westinghouse 


Electronic Tube Division + Elmira, N. Y. 


For more details, circle No. 57 on Reader Information Card 
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operating junction temperature is 190 
deg C. On both cells, the plated 
rectifier case is the positive (cathode) 
terminal and has a threaded !) 28 stud 
for through mounting. Each — cell, 
weighing 0.65 oz, is shipped with hex 
nut, lock washer and flat washer, two 
0.003-in. thick mica washers and an 
insulating bushing. The 302 and 303 
rectifiers are also available in complete 
bridge assemblies 

For more details, cirele No. 58 on 
Reader Information Card. 


Scarfing Torch 


A new three-hose scarfing torch has 
National Cylinder 
heavy duty 
work where large rates of metal removal 
are desired. The manufacturer reports 
that it has been successfully field tested 
for a year now at major mills in both 
the Pittsburgh and Chicago areas. 

The torch is said to permit independ- 
ent control of the preheating and the 
scarfing oxygen flows. 

Additional features of the new torch 
include: (1) an improved guard (re- 
movable and replaceable) over the head 
of the torch and an improved. skid 
ring on the end of the tip—both of 
modern wear-resistant alloys; (2) im- 


been developed by 


Gas Co., Chicago, for 


proved balance specifically engineered 


for searfing work; and (3) unusually 
convenient placement of scarfing lever, 


preheat oxygen adjustment, and acety- 
lene valve with respect to operators’ 
hands and stance. 

For more details, circle No. 59 on 
Reader Information Card. 


Welding Positioner 


A new precision welding positioner 
known as Model WP-2-8 was recently 
announced by the Harnischfeger Corpo- 
ration, to serve the precision welding 
requirements of aircraft and guided 
missile fabricators. 

According to manufacturer, one of 
its new features is an extended sta- 
tionary table directly under the revolv- 
ing face plate which provides a_ rigid 
base for the support of an inert-gas 
dome or working Table 
speeds of 0.02 to 2.0 rpm are obtained 


enclosure. 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND 


FOR WELDING AND 
CUTTING... 


IN THE 
RED DRUM 


HIGHEST 
QUALITY 


DUST-FREE 


Write for the name and address 


of the NATIONAL CARBIDE supplier neares? you. 


National Carbide Company 


General Offices: 150 East 42nd Street, New York 17, N. Y. 


A DIVISION OF AIR REDUCTION COMPANY, 


INCORPORATED 


For more details, circle No. 60 on Reader Information Card 


New Products 


through an electronic d-¢ motor with 
variations infinitely controlled to within 
1%. A tachometer calibrated in rpm 
is offered as standard equipment. 

The table-tilting mechanism uses a 
high-efficiency 


Saginaw ball-bearing 


screw driven by a worm gear reducer, 
completely enclosed to prevent damage 
from foreign matter or weld spatter 
Degree of tilt is shown on a positive 
acting indicator. 

WP-2-S is available either as a sta- 
tionary machine or with casters. 

A specially designed rotating ground 
connection at the end of the table 
spindle insures adequate current ca- 
pacity for automatic welding appli- 
cations. 

Table flatness and run out are held 
to extremely close tolerances. 

For more details, circle No. 61 on 
Reader Information Card. 


Resistance Welding 


According to the manufacturer, when 
connected to an oscilloscope the second- 
ary current patterns of any conventional! 
single-phase or three-phase machine 
can be observed for weld timing or 
counting verification, heat balance, ete. 
Likewise, when connected to a d- 
amplifier and 
high current oscillograms can be per- 


recording oscillograph, 


Window illustra- 
arrow 


manently recorded. 
tion shows a complete unit 
points to a device in actual use. 

Sciaky Bros., Inc., 4915 W. 67th St., 
Chicago 38, Ill., are now marketing a 
secondary current pickup device which 
is said to be very useful to a quality 
control or maintenance program with 
resistance welding equipment. 

For more details, circle No. 62 on 
Reader Information Card. 
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Hard Surfacing 


Two new hard-surfacing wires for 


seminutomatic welding have been re- 
leased to industry by the American 
\langanese Steel Division of American 


Brake Shoe Company. One of these 
tubular electrodes, designated S.A man- 
ganese, is recommended for manganese 
steel buildup and repair applications, 
while the other wire, known as 8, A 53, 
is for hardsurfacing to resist wear and 
impact. 30th wires are in. diam 
and can be operated through the Amsco 
\LF welder. 

For more details, circle No. 63 on 
Reader Information Card 


X-ray 


Machlett Laboratories, Inc., Spring- 
dale, Conn., announces the EG-1ISOR 
an end-grounded, forced-air cooled X- 
ray tube providing high-power con- 
tinuous loading. Neither hose lines 
nor heat exchangers are required, Full 


power may be used at ambients as high 


as 135° F. According to manufacturer, 
the EG-1SOR normally requires two 
minutes or less for morning warm-up; 
thereafter individual exposures require 
less than minute warm-up time. 

EG-1SOR is available in two versions, 
EG-ISORB a beryllium window tube 
providing a 40° cone of radiation and 
EG-ISORX nickel window tube 
providing a 360° band of radiation. 

For more details, circle No. 64 on 
Reader Information Card. 
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BERNARD 


ELECTRODE HOLDERS 


HIGH WELDING CURRENT 
CONDUCTANCE assured 
sthrough aluminum - copper 


alloy head. 


SPECIAL EXTRUDED COP.- 
PER-ALLOY body with large 
/ cross-sectional area. 


ONE-TON PRESSURE CON- 
TACT provides peak con- 
ductance from the holder 
to the electrode. 


TWO CABLE CON- 
NECTING SCREWS 
by alternate tighten- 
ing develop a 1400 
lb. tightness between 
cable and holder. 


LIFEGUARD INSULATION 
developed after many years 
to resist heat, shock, impact \ 
and outweear all other types 
3 to 1. 


ENTIRELY INSULATED from 
end to end, assuring com- 
plete safety from electric 
shock. 
CABLE-SPLINT FEATURE en- 
tirely eliminates loss of con- 


ductance by protecting the 
cable against fraying. 


EFFICIENCY 
e ECONOMY 
@ SAFETY 


e DURABILITY 
IN HIGH CURRENT - HIGH SPEED WELDING 


SOLD THRU LEADING DISTRIBUTORS 
THRUOUT THE WORLD 


BERNARD WELDING EQUIPMENT COMPANY 
10232 AVENUE N, CHICAGO 17, ILLINOIS 


For more details, circle No. 65 on Reader Information Card 
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Hard-Surfacing Alloy 


The availability of a new 
machinable nickel-base 


hard, 
hard-surfacing 


alloy containing chromium borides is 
announced by Wall Colomony Corp., 
19345 John R St., Detroit 3, Mich. 


Colmonoy No. 56, the 
new material is said to provide pro- 
tective hardness in the range of 50 to 
55 Rockwell C, vet is machinable with 
carbide Developed — especially 
to proy ide the particular properties of 
high 
quently 
used in the plastic and rubber indus- 
tries, the suitable for 
wear proofing such parts as pump and 


Designated 


tools, 


machinability fre- 
specified for extrusion screws 


hardness and 


alloy is also 


valve components, dies and guides of 


various types. 
For more details, circle 
Reader Information Card. 
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Gas Regulator 


The K-G Equipment Co., Inc. a 
unit of Air Products, Inc.. Allentown, 
Pa., announces a new gas regulator, 


known as the “*K-G Jeep.” 

According to manufacturer, the small 
regulator medium to 
light-duty service and is approved by 
the Underwriters Laboratory. The 
clear anodized body and back eap are 
made of high strength forged aluminum. 
with a tensile strength of 68,000 psi. 


is designed for 


ARCAIR TORCH CUTS STEEL PILING 


WITH BACKFILL IN PLACE— SAVES 50% 


Fifty-year-old 


steel piling was cut into convenient lengths by the 


Arcair Model H-3 Torch with backfill dirt and concrete still in place. 
The contractor saved 50% on cutting costs and saved more because he 
had bulldozers and pneumatic chipping hammers on the job only two 


days instead of ten. 


The Arcair Torch and Copperclad Electrodes used 


ordinary DC welding machines for a power source and common 100 
psi air pressure to cut thousands of feet of piling during the replace- 
ment of a Chicago & Northwestern Railway bridge in Evanston, Illinois. 


For full details on this project, and for complete information on _ | 
the cost and time-saving Arcair Model H-3 Torch, write today. 


Arcair Company 


431 South Mt. Pleasant St. « 


Lancaster, Ohio 


For more details, circle No. 67 on Reader Information Card 


New Products 


High pressure gages are graduated to 
4000 psi, adding a 1000-Ib safety factor. 

The regulator is also said to contain 
only two replaceable parts, a factor 
which encourages effective repair in the 
field. No special tools are required. 
High-pressure parts—seats, pins, stems, 
springs, “O”’ rings and back caps—are 
interchangeable with the K-G 1200 
series regulators. 

For more details, circle No. 68 on 
Reader Information Card, 


Fusion Welder Control 


The Weltronie Co., Detroit, Mich., 
announces their new tungsten-inert-gas 
fusion welder control. The unit is sold 
under the trademark of Weltronare 
and is reportedly an advance in the 
automatic control of precision fusion 


welding. According to the manufae- 


turer, Weltronare control was designed 
to meet the unusual welding require- 
ments encountered in jet engine fabri- 
cation and to master the problems of 
production welding — of 
alloys. 

Contained within one central housing 
are the arc power supply, the automatic 
are-length control, the regulated wire 
and carriage drives, the gas and water- 
controls and the timer sequence. 

For more details, circle No. 69 on 
Reader Information Card. 


Flux-Cored Wire 


A new flux-cored version of KutecRod 
157, a high strength silver-bearing lead- 
free alloy for stainless steel and other 
base metals, has been announced by the 
Eutectic Welding Alloys Corp., Flush- 
ing, New York. 

Called EutecRod 157B, this wire is a 
“solder-type”’ alloy in coil form. 

Versatile EutecRod 157-B, available 
in ' and in. diameters, 
is adaptable to all common heating 
methods including flameless resistance, 
induction and transformer type solder- 
ing gun techniques. 

According to the manufacturer, it is 
applicable for all types of joints in 
stainless-steel fabrication and for dis- 
similar metal joining. 

For more details, circle No. 70 on 
Reader Information Card. 
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PAGE has unsurpassed facilities, experience and 
special skills for drawing and furnishing the right 
wire for your welding applications. We are ideally 
equipped to manufacture wire to any desired size, 
temper or surface finish. 

We purchase our raw materials to rigid 
specifications; we select heats of steels for optimum 


Oo Wire to Fill Your Needs 
—Wide Analysis Range 


The PAGE line contains 26 different analyses, covering 
the field of applications: heavy automatic submerged 
arc...light manual submerged arc...inert gas manual 
..automatic, tungsten or metal arc. 


AUTOMATIC WELDING WIRE 


CARBON STEEL...Any carbon from Armco (.025 
max.) to high carbon (.70-.84) 


LOW ALLOYS...AIll the most popular 
welding grades 


STAINLESS...AIl standard AISI grades. 
Other types on request 


GAS WELDING RODS 

PAGE Gas Welding Rods have long been recognized 
as the standard of quality, uniformity and dependable 
performance. These rods, in an exceptionally wide range, 
are furnished in coils, on reels or in 36-inch lengths, 
in the following materials: medium or high carbon steel, 
mild steel, Armco, low alloy, stainless steel, manganese 
bronze, naval bronze. 


characteristics —then, upon delivery and before pro- 
cessing, we analyze samples for conformity with our 
specifications. Thus, PAGE is the one supplier in a 
perfect position to control the chemical and phys- 
ical properties of its product from billet to rod to wire! 


big advantages 


BARE ELECTRODES 


PAGE Bare Electrodes are available in any carbon from 
Armco to high carbon 


.70-.84). 
METAL SPRAY WIRE 


PAGE Metal Spray Wire is supplied in: any carbon 


from Armco to .80 carbon, low alloy, stainless steel, 
manganese bronze, naval bronze. 


2) PAGE Packaging Means Protection and Convenience 


Handy Reels 


Wrapped Coils... 


Pay-off-paks & Leverpaks 


Welding Wire in Coils 
PAGE A-S Automatic 
Welding Wire is regularly 
furnished in layer-wound 
coils with cardboard liner, 
four Signode straps for 
easy coiling and unwinding 

—palletized as necessary. 

Gas Rod Packing 

PAGE Gas Welding Rods 
are supplied in 36” lengths 
in 50-lb. bundles, paper and 
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Coils in Cartons 
Single and palletized coils, 
each coil steel-strapped 
and wrapped in waterproof 
paper...Also, single and 
palletized coils, in individ- 
ual cartons. 


PAGE Inert Gas Welding 
Wire is available on 25-lb., 
nonreturnable palletized 
reels to fit all popular inert- 
gas welding machines. Wire 
is precision thread-wound. 


€) Prompt Delivery 
from Local Stocks 


PAGE automatic arc welding wire and oxy- 
acetylene welding rods are readily available 
from PAGE warehouses shown at bottom of 
this page—and from a nearby PAGE Distribu- 
tor, wherever you live. Your 
PAGE Distributor saves you 
time by filling your needs 
promptly from his stock. This 
helps keep your inventory in- 


vestment down! 


* Indicates PAGE warehouse stocks 


«Folder DH-402A + PAGE Submerged Arc 


¢ Booklet DH-1277 » PAGE Gas Welding Rods 
* Welding Rod Comparison Chart 


PAGE Pay-off-paks permit 
continuous feeding of wire 
up to 600 lbs. (from 20” Pak 
or 850 lbs. (from 23” Pak) 
without rethreading. Both 
Pay-off-paks and light- 
weight Leverpaks (not illus- 
trated) give protection 
against distortion and cor- 
rosion...are easily opened, 
resealed, handled, stored. 
Palletized when requested. 


Send for These... 


150-lb. (approx.) 


cartons. 


and Inert Gas Welding Wire 


Page Steel and Wire Division 
AMERICAN CHAIN & CABLE 


Monessen, Pa.*, Atlanta, Chicago*, Denver*, Detroit, Houston* 
Los Angeles*, New York, Philadelphia*, Portland, Ore. 
San Francisco*, Bridgeport, Conn. 


For more details, circle No. 71 on Reader Information Card 


burlap-wrapped. Also in 
burlap-wrapped coils and 
reels. 
Stainless rods also avail- 
able in 10-lb. fibre-board 
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WELDER CORP. 


High production resistance welding equipment 
and automation devices . . . designed, engi- 
neered, and manufactured by Delta Welder .. . 
that’s the “know-how” which assures lower 
production costs and improved product quality! 


The record of outstanding performance compiled by 
Delta Welder equipment and automation devices is 
worth your examination. 


Permit our sales engineers to show you Delta Welder 
equipment developments and machines that are sav- 
ing time and money for nationally known manufac- 
turers. Write or call. No obligation. Ph. Texas 4-8446. 


DELTA WELDER CORPORATION 


8525 Livernois ° Detroit 4, Michigan 


Circle No. 72 on Reader Information Card 
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ARREST OF BRITTLE FRACTURES IN 
WIDE STEEL PLATES 


Program undertaken to investigate behavior of welded crack-arrester 


details which might be used under service conditions 


BY R. J. MOSBORG, W. J. HALL AND W. H. MUNSE 


SUMMARY. This paper describes in- 
vestigation which is concerned with an 
evaluation of various devices designed to 
arrest the propagation of brittle cracks 
In the tests, brittle fractures are initiated 
by driving a wedge into a notch at the edge 
of steel plate specimens. The fracture 
propagates across the specimen until it 
encounters the arresting device. In order 
to evaluate the arresters, the tests are 
conducted at various combinations of 
temperature and stress 

Most of the work conducted to date has 
been concerned with the behavior ot 
welded erack arresters composed ol au 
strake of tough material butt welded so a 
to form an integral part ot the structure 
These tests indicate that, under certain 
conditions, strakes of tough material will 
arrest a propagating brittle crack (ren- 
eral observations from tests of welded ar- 
rester specimens, as well as from a few 
riveted arrester specimens, are presented 
Introduction 
Object and Scope 
During World War II, when brittle 
fracture became a serious problem in 
welded merchant ships, there was an 
immediate need for a means of reducing 
the probability of major ship structural 
failures. As a result, a method of 
arresting cracks was devised for struc- 
tures already built. This consisted of 
slotting the main plate of the structure 
and riveting a doubler plate over the 


slot. Although this device usually 
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worked satisfactorily, it was difficult to 
seal against leakage and, when used 
in tankers, was particularly hard to 
clean. In riveted arresters 
have been incorporated in ship con- 
struction since the war; a currently 
used detail consists of a riveted lap 
joint. It is likely that a limited num- 
ber of riveted arresters will continue 
to be used in welded ship construction 


general, 


until dependable information becomes 
available on other tvpes of large-scale 
arresters 

Laboratory studies have shown that 
lor a given specimen geometry, once 
a brittle crack has been initiated and is 
propagating, it may be arrested by sufh- 
ciently reducing the average stress on 
the specimen or by adequately increas- 
ing the temperature of the material 
However, from the practical point of 
view, control over the stress and tem- 
perature may be neither structurally 
particularly 
in large-scale structures which may be 


feasible nor economical, 


subjected to wide ranges of stress and 
temperature during service 

At present two other approaches to 
the problem of controlling brittle frac- 
tures in large-scale structures can be 
considered These consist of (1) the use 
of a tough material throughout the en- 
tire structure to prevent the opportunity 
for brittle-fracture initiation and prop- 
agation or (2) the use of tough material 
butt welded in the structure at seleeted 
eracks that 


locations to stop might 


Voshora, el al Brattle Frae 


be propagating. Economic considera- 
tions may often dictate the approach 
to be used 

The program described in this paper 
was undertaken to investigate the be- 
havior of welded crack arrester details 
that might be used under service con- 
In particular, the possibility 
of incorporating a strake of tough 
perhaps a tough weld as an 
structure Was 


ditions 


material « 
integral part of the 
studied In he early 
program small-scale laboratory speci- 
mens determine 
whether this ty of welded crack ar- 
After this 
preliminary work the primary emphasis 
was placed on the study of 6-ft wide 


stages of the 
wert ‘moploved to 


feasible 


rester would 


specimens. This specimen was adopted 
because it was a convenient size and 
because it was felt specimens of this 
size might help in obtaining information 
could more easily be related to 
full-scale conditions. A few riveted 
erack arreste! fabricated 
according to a detail for which there 


which 
specimens, 


was a large amount of service informa- 
tion, were tested to provide a basis for 
However, most of the 
program has been concerned with an 


comparison 


investigation of welded arresters 

While this program is most directly 
related to ships, the principles studied 
in these tests could be useful in other 
structures (pipe lines, storage tanks, 
pressure vessels, etc.) where brittle frac- 


tures have occurred 
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Table 1—Chemical Composition and Mechanical Properties of Steels 
(a) Chemical composition 
Chemical Composition, 
Sleel ( Vn Ss Si Cu C7 Ni Al Mo Va 
0.21 O54 0. O19 0.030 0. O01 0.12 0.19 0.003 
0.84 0.0386 0.015 0.28 0.32 0.50 0.99 0.09 0.53 0.095 
0.20 0 76 0.040 0.03 004 0 02 0.16 0 O02 
Z 0.42 0.018 0.031 0.02 0.23 0.07 0.005 
(4) Mechanical properties* 
Yield Ultimate Klongatlion Reduction 
strength, strength, in 2 in., of area, 
Steel pst psi 
> $2, 100 64, 900 35.8 56.7 
111, 900 126, 600 22.0 69.1 
Xx 34,900 66, 700 39.0 64.5 
Z 34,700 68, LOO 36.5 57.6 
* From Standard 0.505-in. diam specimens taken parallel to direction of rolling. 
+ Based on 0.2°, offset 
Materials and Specimens 12" 
In order to evaluate various arrester Fig. 1 Typical details of riveted bt” el ign” be 
devices, a starter material which would crack arrester specimens .~ 
initiate and propagate a brittle crack 
. (a) Two-foot wide plate specimen. 
under laboratory conditions re- | 
: (b) Six-foot wide plate specimen. — 
quired. ['wo heats of rimmed steel 4 
(designated as steels E and Z) with aes 
Charpy V-notch ft-lb alues at Double V Weld 
about +70° F were available and E 7016 Electrode — | 
were used to fabricate the riveted-ar- - + +1+ 4+ j 
rester specimens and the portion of the = 24" 
welded-arrester specimens in which 
the crack was initiated. For the arrest- Flame Cut Siot 
ing material in the welded specimens, 
a steel possessing high strength and P ++\++ 7 4 
pacity) was One of the steels specimen | +! 4 Riveta— 
readily availa ale for this purpose at eared +i + + 
the beginning of the program was a Heod Flame + +H + 
low-alloy steel known as “T-1" (des- 3 
ignated herein as Steel T). The me- 2 | steed 
position for each of these steels are +++4+ 
given in ‘Table 
Two sizes of specimen, composed of - 
inserts welded to long pull plates, were 
considered. The 2-ft wide specimens 
consisted of x IS8- x 24-in. inserts 
butt welded to thick pull plates Fig. 2. Typical details of welded | 
to provide a total specimen length of crack arrester specimens 
6 ft. The 6-ft wide specimens usually (a) Typical 2-ft wide specimen. | 
consisted of */y- x 54- x 72-in. inserts (b) Typical 6-ft wide specimen. “\ 
butt welded to I-in. thick pull plates 1" Pull Plote | 
to provide a total specimen length of | 
approximately 18 ft. All material was 
oriented with its direction of rolling 2 2" j 
parallel to the specimen axis and trans- Double 
verse to the direction of crack propaga- But! Waele q ‘ 
tion. E1208 Electrode q 
The riveted arrester specimens Ccon- Pull Plete 
. 
tained a doubler plate which was riveted — q 
» side > ms inse ate Double V Butt | ) 
rhe doubler plate was approximately Electrose 
the same length as the insert plate in |, 
the 2-ft wide specimens. However, it Z Steet JT x Stee! 
was 99 in. long in the 6-ft wide speci- 
Double V Wel 
mens so that it could be bolted to Stee Stee! 
each pull plate to develop more fully Seutic ¥ itt Wate 
the desired load in the doubler. These E 7016 Electrode 


specimens are shown in Fig. 1. The 
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Fig. 3 Six-foot wide specimen ready 
for test in 3,000,000-Ib machine 


% 
a 


Fig. 4. Fracture path in 2-ft wide arrester specimen 


fillet-welded doubler plate 


detail in the large riveted 


sume 4s a design 


arrester 
specimens was. thi 
used for ships in service. The large 
riveted arresters were fabricated by a 
qualified shipbuilder to insure that the 
laboratory specimens were typical of 
actual practice. For comparative pur- 
poses in the test program, a few speci- 
mens were fabricated without a_ slet 
beneath the doubler. 

The first type of 2-ft wide welded 
arrester specimen investigated was simi- 
lar in makeup to the riveted doubler- 
type arrester and consisted of a slotted 
rimmed-steel insert plate with a single 
doubler plate of A-285 steel welded 
over the slot Subsequently, both sizes 
of welded arrester specimens were com- 
posed of various widths of rimmed (steel 
E or Z), T, and in some cases a semi- 
killed steel Steel X) 
which were butt-welded together in a 
single plane with 12015 electrodes to 
total width of 
brittle crack was gen- 


(designated as 


prov ide the desired 


specimen. The 
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erally started in the strake of rimmed 
steel and, by changing the position of 
this strake, the length of the crack 
introduced to the arrester system could 
The width of T steel 
was varied so that the arresting effect 


be controlled 


of various widths of this tough material 
could be compared ind semikilled steel 
was used where needed to fill out the 
total After a test, 
the fractured portion of the specimen 


specimen width 


Was removed or repaired to provide 
another test from the same insert when- 
Typical 2-ft and 6-ft 
sHown in 


ever possible 
wide welded specimens are 
Fig. 2 
Description of Tests 

The details of the testing procedure 
been de- 
briefly 
summarized for convenience. To study 
the feasibility of arresting brittle frac- 
a dependable method of initiat- 


and instrumentation have 


scribed previousl\ but are 


tures 


Fig. 5 


minated with a jeweler’s saw-cut) at the 
edge of the specimen, A nominal impact 
of 1200 ft-lb is used for the initiation 
all of the tests 
specimens 


of the brittle cracks in 
described The 2-ft 
a 600,000-lb screw-type 
testing machine and the 6-ft wide 
a 3,000,000-lb hydraulic 


testing machine 


wide 
are tested in 


specimens 1 


The specimens tested in the initial 
stages of this little or 
no instrumentation. As the program 
progr ssed it evident that 
instrumentation of the specimens to 


program had 
be cali 


measure crack speed and strain history 
at selected locations would be desirable 
and perhaps essential for the eventual 
interpretation of the results. Also, 
data of this nature would permit cor- 
relation with the results from the re- 
lated program on brittle fracture propa- 
gation. Crack speed on the surface 


of the specimen Is obtained from a series 


ad 


Fracture path in 2-ft wide arrester specimen with 


butt-welded strake of T steel 


ing and propagating a brittle crack was 
required. The early development work 
on this program and on a closely allied 
program which is concerned with the 
mechanics of the propagation of brittle 
fractures resulted in the adoption ol 
a notch-wedge-impact method similar 
to the'SOD method? for crack initiation 
In the method adopted, a gas-operated 
piston device is used to drive a cold 
chisel into a 1'/s-in. deep saw-cut 


notch (4-blade wide hacksaw cut ter- 


¥ 


4 


spaced SR-4 Type A-9 
strain gages (6-in. gage length, single 
when broken by the propa- 
gating crack, interrupt an electrical 
circuit. From the between 
detectors and the time 
interruptions of the 


of suitably 
wire) whicl 


distance 
interval be- 
circuit, 
crack speed is computed. 


tween 
the average 
The strain history at various locations 
is obtained from the response of SR-4 
Type A-7 strain gages ('/,-in. gage 
lengtl The signals from the strain 


Fig. 6 Fracture surface across 2-ft wide arrester specimen with tough butt weld 


joining two plates of rimmed steel 


Mosbora, et al.—Brittle Fracture 


‘| rer” ta 
“ey 
of 
3 
= 
i 
: 


a b 
Fig. 7 Tests of 6-ft wide riveted arrester specimen with oxygen-cut slot 


(a) Fracture path with crack initiated at edge near doubler. 
(b) Fracture path with crack initiated at edge far from doubler. 


16" 
gages and detectors are fed into cath- 
recorded photographically with 35-mm 
strip-film cameras. For time intervals 
of 10 msec or less the strip-film camera ££ £24 
is used as a single-frame camera to : - 
record the strain gage response as the 
trace moves once across the oscillo- > 
scope face at a predetermined sweep : ~ 
time. For times of several hundred _t + 
milliseconds, the gage response is re- Test 
corded on moving film. <A_ detailed + 
description of the sensing devices, re- 

cording devices, input circuits, trigger- 
ing method, calibration procedure, sta- 
bility, and data reduction process is +4 + 
presented in a previous paper.! 

The specimen is cooled with crushed + ++ 4+ 
dry ice which is placed in containers - -- --- A, 
hung on each side of the plate. In this 3 a3 34 at if 


manner, the specimens can be cooled 
to a temperature of approximately —20° 
F in about one and one-half hours. 
Prior to the test the strain distribu- 
tion in the specimen is checked at room 
temperature by applying the test load 
to the specimen at least once. After 
all instrumentation is checked, the 
specimen is cooled; the test load is ap- 
plied; and the fracture is initiated by 
the notch-wedge-impact method. <A 
6-ft wide specimen ready for test is 


shown in Fig. 3. 

In early tests on two foot wide speci- 
mens it was found that brittle frac- 
tures initiated by the notch-wedge- 
impact method consistently propagated 
completely “across plain plate specimens 
of rimmed Steel I. at an average stress 
of 15,000 psi, a temperature of 0° F, 
and a lateral impact of 1200 ft-lb. 
In general, the crack-arrester specimens 
are tested at higher stresses, somewhat 
lower temperatures, and the same lat- Fig. 8 Fracture paths in tests of 6-ft wide riveted crack arrester specimen without 
eral impact; this provides ample assur- oxygen-cut slot 


ance of maar ear and propagation of (a) Notch location and fracture path for three successive tests of same insert. 
the brittle cracks in the starter material (b) Path resulting from third test of specimen. 
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and subjects the arresting device to 
stress and temperature conditions which 
are relatively severe when compared to 
service conditions. 


Test Results for 2-Ft Wide Specimens 


The first type of welded crack-arrester 
specimen to be tested consisted of a 
doubler plate of A-285 steel plug and 
fillet welded over the slot in the main 
insert plate of rimmed Steel E. This 
arrangement was similar to a riveted 
doubler-plate detail used under service 


conditions. - 


Before welding the doubler plate to 2 1 | 35 “36 


the main insert plate of one of these 
doubler-type specimens, SR-4 Type A-1 
strain gages were mounted in a longi- 
tudinal direction 1'/, in. from each 
edge of the specimen ('/s in. beyond 
the end of each notch). After the 
doubler had been welded to the insert 
plate, these gages near the edges of the 
plate indicated compressive residual 
strains as high as 1100 microinches per 
inch (u in./in.). Thus, the fabrica- 
tion of these specimens created approx- 
imately vield point compression at the 
base of the notch and a compressive 
strain field over the region ahead of 
the notch 

Whereas an applied tensile stress of 
about 15,000 psi was sufficient for the 
complete fracture of plain plate speci- 
mens of Steel E, an applied stress of 
over 22,000 psi was required for the 


Fig.9 Arrest of 2-ft long crack by 4-in. wide strake of T steel 


(a) View of partially fractured insert. 
(b) Surface of specimen around end of arrested crack 


initiation and propagation of brittle 
fractures in tests of the welded doubler- 
type specimens. Apparently, until off- 
set by the application of a sufficiently 
large tensile stress, the aforementioned 
residual strain pattern hindered the 
initiation and propagation of a brittle 
crack in the specimens. A_ typical 
fracture of one of these doubler- 
type specimens is shown in Fig. 4. The 
brittle fracture propagated across the 
main plate to the oxygen-cut slot; also, 
it propagated through the connecting 
fillet weld and almost entirely across the 
attached doubler plate 

Because a slotted main plate and 
doubler plate combination would not 
be desirable in ships, particularly in 
tankers, only a of this 26,000 rs, 
type were tested. The program Was frie 
then directed toward a study of speci- 
mens where the rimmed and tough steel 7ESTLO Fe ly 
were butt welded together in the same Maeda i 
of such a combination was studied 
in preliminary fashion by butt 
welding 12-in. wide strakes of rimmed 
(E) and tough (T) steel together. SR-4 
Type A-1 strain gages were mounted 
longitudinally 1'/> in. from the specimen 
edges before the two plates were butt 
welded together. After the fabrication Fig. 10 Propagation of 3-ft long crack across specimen containing two 4-in. wide 
of the specimen had been completed, strakes of T steel 
compressive residual strains of less 


f . (a) Fracture path across specimen. 
than 200 u in./in. were present at these (b) Fractured surfaces of T steel strakes and adjacent rimmed steel 
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locations as compared with residual 
strains of about in.,in. for the 
doubler-type specimens at the 
locations. At an stress of 
17,000 psi and a temperature of +16° 
I, a brittle crack was propagated across 
the 12-in. width of but 
was not evident on the surface of the 
beyond the butt 
the nominal test 
28,000 psi in another test 
resulted, as shown in Fig. 5, in a slight 
reduction of thickness through the butt 
weld indicating the presence of a sub- 
merged crack (a crack which has propa- 
gated a short distance within the plate 
but has not emerged to the surface). 


same 


average 


rimmed steel 


specimen across or 
weld. Increasing 


stress to 


One specimen, composed of two 12-in. 
widths of rimmed steel E butt welded 
together with E12015 electrodes, was 
tested at 25,000 psi and +30° PF. 
With the exception of part of the butt 
weld, this specimen fractured completely 
in a brittle manner as shown in Fig. 6 


Thus the tough weld alone was not 
sufficient to arrest the propagating 


erack Measurements of average crack 
speed showed a value of approximately 
3000 fps as the fracture approached 
the butt weld and less than 700 fps 
erack the weld. No 
crack speed information was obtained 
in the material beyond the butt weld. 


as the crossed 


Test Results for 6-Ft Wide Specimens 
A few tests were conducted on riveted 
crack-arrester specimens with two dif- 
ferent geometries, with and without a 
longitudinal slot in the main plate 
beneath the doubler. However, the 
major emphasis was on welded arrester 
specimens containing various combina- 
tions of starter and arrester materials. 
For uniformity and comparative pur- 
similar average net- 
section stress and test temperature were 
adopted for these tests. It felt 
that the nominal stress should be high, 
but not high enough to produce gross 
plastic strain in the specimen, and the 
testing temperature should be low, but 
lower than service 
On the foregoing basis, 


poses values of 


was 


not excessively 
temperatures. 
tests were generally conducted at an 
average stress of approximately 27,000 
psi and a temperature of about —20° F. 

One of the variables in the tests of 
this program was the length of brittle 
erack developed (width of starter ma- 
terial) before an arresting device was 
encountered. In the riveted arrester 
specimens, the crack propagated either 
approximately approxi- 
mately four feet before encountering 
the region of the plate containing the 
doubler plate. In the various welded 
arrester specimens, the brittle crack 
propagated 1, 2, 3 or 4 ft before meet- 
ing a strake of tough material 

Crack detectors placed on 
several of the riveted and welded 
arrester specimens in order that the 


one foot or 


were 
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Fig. 11 


(a) View of insert showing extent of propagation. 


(b) Penetration of arrested crack into T steel. 


speed of crack propagation in these 
specimens could be measured and com- 
pared with the speeds obtained in the 
tests of plain plate rimmed steel speci- 
mens. In general, the crack speeds 
in the starter strips of the arrester 
specimens were similar to the speeds 
obtained in the plain plate tests (pri- 
marily in the range of 3000 to 4000 
fps) and were attained within the first 
12 in. of travel from the notch. There 
appeared to be no increase of crack 
speed as the fracture progressed across 
the plate. 


Riveted Arrester Specimens 

In the riveted specimens, the arrest- 
ing device consisted of a 16-in. wide by 
‘in. thick doubler plate riveted to 
one side of the main insert plate with 
four vertical lines of countersunk pan 
head rivets. In the insert 
plate contained longitudinal slot 
centered beneath the doubler plate 
and in the other case it did not. While 
only the slotted specimen is typical of 
a type of arrester in general use, it was 
felt that similar tests of an unslotted 
specimen would provide an opportunity 
to compare the effectiveness of the two 
details. 

Two tests were made on a 


one 


Case, 


riveted 
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Arrest of 3-ft long crack by 12-in. wide strake of T steel 


doubler specimen in which an oxygen- 
cut slot had been placed in the insert 
plate beneath the doubler. In 
case the brittle crack was initiated from 
a notch at the edge of the specimen near 
the doubler and in the other case from 
a notch at the edge of the specimen 
farthest from the doubler. The notches 
were in line with a horizontal row of 
rivets. In the first the crack 
traveled slightly upward sO as to pass 
between the horizontal rivet rows and 
extend to the oxygen-cut slot in the 
main plate, Fig. 7 (a). No fracture was 
apparent in the doubler plate. 


one 


Case, 


The partial fracture of the specimen 
in the test just described was rewelded 
In the second test on the specimen the 
crack, initiated from a notch at the 
opposite edge of the specimen, propa- 
gated the main plate to the 
oxygen-cut slot. In addition, the doub- 
ler plate fractured across two lines of 
rivets as shown in Fig. 7 (6). 
this test, it that an 
discontinuity such as is provided by an 


across 


From 
seems abrupt 
oxygen-cut slot is a satisfactory form 
of crack-arresting device, provided the 
redistribution of stress is not too great. 
In addition, it appears that a rivet hole 
also possesses some degree of arrest 
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Fig. 12 Arrest of 4-ft long crack by 24-in. wide strake of T steel 


(a) View of insert showing extent of propagation. 


(b) Penetration of arrested crack into T steel. 


ability; however, propagating brittle 
cracks are not necessarily attracted to 
the closest rivet holes and may, in 
fact, pass between them 

The riveted-arrester specimen with- 
out the longitudinal oxygen-cut slot was 
tested three erack 
initiated from the edge near the doubler 
plate. Each attempt to fracture the 
specimen was made from a different 


times with the 


location of the notch as shown in 
After each test, the frac- 
portion of the specimen was 


Fig. 8 (a 
tured 
gouged out and the specimen rewelded 
for the next test. As can be seen in the 
figure, the first test was made with the 
crack initiated from a notch in line 
with one of the horizontal rows of rivets 
which connected the doubler and the 
insert plat In this test the crack 
propagated to the rivet hole in the first 
vertical line In the second test the 
crack was initiated from a notch lo- 
cated midway between two horizontal 
rows of rivets and in this case the 
crack propagated slightly upward to a 
rivet hole in the third vertical line 
The third test on this specimen was 
made with the notch located so as to 
provide what seemed to be the greatest 
probability for uninterrupted crack 
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propagation; im this test the notch 
was located just slightly above a hori- 
The crack prop- 


completely across the main 


zontal row of rivets 
agated 
plate of the specimen passing approxi- 
mately midway between two horizontal 
rows of rivets in the region where the 
doubler plate was connected In ad- 
dition, a erack was initiated and propa- 
gated from the far edge of the doubler 
back to the second vertical line of riv- 
ets, as can be seen in Fig. & (6 This 
third test indicated that it is possible 
crack across an 
unslotted riveted arrester. However, 
t is believed that such a failure would 


have been less likely 


to propagate a brittl 


if a staggered rivet 


nattern had been used 

In all of the rive 
the fracture surfa of the rimmed 
steel had a brittle 


reduction of area—ver) 


ted-arrester tests 


appearance and littl 
similar to the 
surfaces of the plain plat 
tested 
Frac- 


iracture 
rimmed-steel specimens being 
in the 
tures in both main plate and doublet 
exhibited this brittle behavior 


1 


propagation program 


Welded-Arrester Specimens 
In the welded specimens, 4-, 12- 
24- and 36-in. wide strakes of tough 


Vosborg, et al Brittle Fracture 


material | T) and £12015 elec- 
trodes were in the 
the various specimens to provide an 


fabrication of 


arresting devi 


were used in combination with 1 to 4 


arresting strips 

ft widths of er material (rimmed 

steel FE o1 rent test speci- 
mens 

In the laboratory t conducted on 

various 6-ft wide welded crack-arreste1 

specimens ving general results 

weld alone 

vith a strake 

brittle crack 

that had | pagal ( a 12-in 
starte! 

b In. Wide ke T steel 

brittle 

loped lengths of 

Fig. 9 (a) is a 

imen in which a crack propagated 

2 ft and was then arrested by 4 in. of 

T steel On the surtace 


lon ol 


there is no 
indication of crack penetration 
hevond the butt weld, see Fig 

During a period of about 10 see, 
the crack in a specimen with a 3-ft 
long starter strip propagated completely 
ontaining two 4- 
in. wide strakes of T steel which were 
t in. apart. This fractured specimen 
is shown in Fig. 10 (a In Fig. 10 
b) can be seen the inclined fracture 
T steel and the 
typical chevron-marked surface in the 
rimmed steel. Redistribution of the 
slight inelastic 


ACTOSS specimen 


surface in both strips of 


applied load created 
buckling at the edge of the specimen. 

d) In a specimen with a 3-ft long 
starter strip and a 12-in. wide strake 
of T steel, the crack only penetrated 
approximately in. into the tough 
steel, see Fig. 11 (a { view of the 
Was arrested 

buckling occur he far side of 


region in whicl 


is shown In 


this specimen 

e) The brittle crack in a specimen 
with t-] art strip penetrated 
about 6 in. into and was arrested by a 
24-in. wide strake of T steel. This 
fractured specimen is shown in Fig. 12 


a) and a closer view of the region of 


the T steel in which the 
rested is shown in | 


erack Was ar- 
ig. 12 (b). Ex- 
treme buckli urred on the far side 

welded-arrester 
specime! fracture surface of the 
rimmed and th mikilled steel had 
a brittle appearance and little reduction 
brittle 
cross or into 


of area. However, where a 
crack Was propagated 
a strake of T steel, the fracture surface 
in the tough steel was always on a 45- 
deg plane 

The final load for partly 


specimens was approximately the same 


fractured 


as the initial value for tests in which 
only a 12-in. long crack was developed. 


However, the final load, which is ec- 


Pi 
* 28,000 Psi 
2 
Gis 
4 
r peed 
b 
9 


centric because of the crack, was ap- 
proximately 90, 60 and 20° of the 
initial load for 24-, 36- and 48-in. long 
cracks. Although the loss of load on 
the specimen does not take place until 
some time after the brittle crack has 
propagated to the weld and. strake 
of arrester material, the eccentric load- 
ing which follows creates severe bending 
and extremely high strains in the region 
at the end of the crack. Bending and 
redistribution of the applied load may 
cause buckling at the far edge of the 
specimen and thus affect further the 
conditions at the end of the propagated 
crack. The redistribution of load and 
the occurrence of buckling at the edge 
of the specimen undoubtedly have a 
considerable influence on the behavior 
of the arrester material. The effect of 
these conditions on the development 
and magnitude of strain has not been 
determined but is under study at this 
time. 

In tests of 6-ft wide plain plates, the 
entire fracture process occurs in 1 to 2 
msec. In most arrester tests, the time 
for the crack to propagate to the ar- 
resting device is less than 1 msec. 
During this interval, the strain gages 
across the remaining section (at least 
6 in. ahead of the advancing crack) 
show little response for a period of a 
few milliseconds and then indicate a 
redistribution of stress. Shortly there- 


after, for the few specimens where the 
records obtained are sufficiently long 
and dependable, the buckling at the 
far side of the specimen, if it occurs, 
becomes evident. In those specimens 
where the records were taken for a 
longer period of time, there was little 
change in the strain after approximately 
100 msec; that is, the strain readings 
at a time of 100 msec were in good 
agreement with those measured about 
10 see later. 

This program is still in progress. 
However, an attempt has been made in 
this paper to describe briefly the work 
and some of the observations to date. 
As indicated by the tests which have 
been described in this paper, strakes 
of tough steel butt welded to a less duc- 
tile material have arrested propagating 
brittle cracks under certain conditions. 
It is hoped that further study will help 
to provide an explanation of the mech- 
anism of brittle fracture arrest, provide 
a means of evaluating the crack-arrest- 
ing capability of various materials and 
eventually make it possible to formulate 
a dependable basis for the selection of 
welded crack arresters. 
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EFFECT OF METALLURGICAL VARIABLES ON 
TRANSITION BEHAVIOR IN CHARPY SLOW-BEND 
AND IMPACT TESTS 


Three sub-critical heat treatments involving the phenomenon 


of quench aging, and variations in composition by the controlled 


addition of carbon and manganese as alloying elements, 


are the metallurgical variables selected for this study 


BY C. E. HARTBOWER 


ABSTRACT. V-notch Charpy  slow-bend 
and impact tests have been conducted 
over a range of temperature to evaluate 
transition behavior in (1) three commercial 
structural steels subjected to sub-critical 
heat treatment, and (2) a number of lab- 
oratory heats containing controlled 
amounts of carbon and manganese. Par- 
ticular attention was given to the selection 
of performance criteria that could be ap- 
plied to both slow-bend and impact tests. 

Comparisons between transition be- 
havior in slow bend and impact revealed a 
complex interplay of velocity effect, and 
quench and strain aging. An increased 
rate of loading resulted in a significant 
shifting of the transition curves toward 
higher temperature in the case of sta- 
bilized material (furnace cooled from 
1200° F and aged 30 days at 70° F); 
whereas, in the case of quenched (quenched 
from 1200° F and aged one day at 70° F) 
and quench-aged (quenched from 1200° F 
and aged 30 days at 70° F) material, 
little or no shift occurred. The lack of 
velocity effect in the latter two conditions 
was attributed to strain aging in the dura- 
tion of slow bending which displaced the 
slow-bend transition curves toward higher 
temperature and thereby virtually elimi- 
nated the velocity effect. Comparisons 
between the quenched and quench-aged 
conditions revealed an appreciable em- 
brittlement in both slow bend and impact 
as the result of quench aging, irrespective 
of deoxidation practice. 

The effects of carbon and manganese on 
impact transition behavior were found to 
be consistent with the published literature. 
In general, carbon lowered the maximum 
energy and widened the transition range; 
whereas, increasing manganese shifted the 
entire curve to lower temperature without 
particularly changing the shape of the 
curve. In slow bend, carbon produced the 
same general trend as in impact. In- 
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creasing Manganese, on the other hand, 
caused a greater shift in the low tempera- 
ture portion of the slow-bend energy-tem- 
perature transition curve rather than the 
simple displacement observed in impact. 
The fibrosity-temperature transition curve 
confirmed the generally detrimental effect 
of increasing carbon and beneficial effect 
of increasing manganese. With increas- 
ing manganese, the displacement of the 
transition curves toward lower tempera- 
ture was greater in impact than in slow 
bend and, as a result, the displacement be- 
tween the slow-bend and impact curves 
decreased somewhat 

Because of the changes in shape of the 
transition curves produced by composition, 
aging and rate-of-loading variables, the 
definition of transition temperature re- 
quired special attention Definitions 
based upon fracture appearance could be 
applied directly to both slow-bend and im- 
pact tests. Equivalent criteria and defi- 
nitions based upon energy (work) for slow- 
bend and impact tests, on the other hand, 
were more complicated. In slow bend 
transition temperature was defined as the 
highest temperature permitting sudden and 
complete fracture (crack propagation) at 
maximum load; and in impact, transition 
temperature was defined as the tempera- 
ture corresponding to the impact-energy 
level producing deformations (lateral ex- 
pansion) equal to those occurring in slow- 
bend Charpy bars tested at the transition 
temperature Transition temperatures 
thus determined, resulted in the same 
general trends as determined irom a con- 
sideration of displacements in the transi- 
tion curves, 


Introduction 
Objective 

The objective of this investigation was 
to study the effects of certain metallur- 
gical variables on transition behavior as 
observed in V-notched Charpy speci- 
mens tested in slow bend and impact. 
The metallurgical variables selected for 
study were (1) three sub-critical heat 
treatments involving the phenomenon of 
quench aging, and (2) variations in com- 


Hartbower 


Impact Tests 


position by the controlled addition of 
earbon and manganese ais alloying 
elements 


Materials 


The steels used in this investigation 
were three commercial structural steels 
representing the full range of commercial 
de-oxidation practice (rimmed, semi- 
killed and fully killed* 
12 laboratory heats of controlled car- 
bon and manganese contents. Metal- 
lurgical and physical property data are 
listed in Table 1. 

The three commercial materials, prior 
to sub-critical heat treatment, were 
normalized at 1650° F for ', hr in the 
form of bars 2 in. x 10 in. x plate thick- 
ness. Finish-machined Charpy speci- 
mens were solution heat treated at 
1200° F for 6 hr in evacuated quartz 
tubes. Subsequent to the 1200° F solu- 
tion anneal, each material received 
three aging treatments, viz., stabilizing 
(furnace cooled from 1200° F and aged 
30 days at 70° F), quenching (brine 
quenched from 1200 F and aged one 
day at 70° FI or quem h aging (brine 
quenched from 1200° F and aged 30 
days at 70° F 

The 12 laboratory heats of carbon- 
manganese steel] were prepared under 
the direction of O. O. Miller and T. N. 


and a series of 


* The full ille | was the same heat used in 
fabricat rirders tested 
conducted 
inder the 
search Com- 
Council (Refer- 
S. Pellini, ‘‘Me- 
s Affecting the Cor- 


tory Tests with the Performance 

he WELDING JOURNAL, Vol. 
29(7). p. 348-s (July 1950 und the fully killed 
steel in the 1 in. thickness together with the 
semikilled and rimmed steels, were the same heats 
used in a previous investigation of the effects of 
cooling rate high sub-critical temperatures 
on the devel ent of strain and quench aging 


401-s 


Sag 
pee K 


: ; ave pansion was measured by means of a 
Table 1—Commercial Steels Subjected to Sub-critical Heat Treatment flat-anvil micrometer at the compres- 
sion side of the test bar opposite the 
notch. When fracture was incomplete, 
a single deformation reading was taken; 
when the test specimen was completely 
fractured, each half of the specimen was 
measured and the maximum value used 
in plotting.? 


Chemical analyses 
Vit ogen 
Soluble 
Material ; Si Al (1:1 HCL) Insoluble 


Fully killed 
/o-in plate 2 58 0.21 0.04 0. 006 nil 


Semikilled 
l-in. plate 2: 0.12 0.01 0.005 nil 
{immed 
in. plate 0.35 0.01 0.01 0. 007 0.003 


Laboratory Heats of Carbon-Manganese Stee! FURNACE COOL 
ASTM grain if QUENCH CONDITIONED 
Heat no Carbon (©) Manganese Size Pearlite | (ZOO*F BRINE 
20701-G 43 6 
19924-B ( 13 6 
20704-Kx 49 7 
20705-M 17 
19927-F : 13 
20702-H 74 
204 15-8 7s 
19925-C 69 
20703-J 98 
20416-T 03 
20412-F 92 
20706-N .05 


-1 


-1 


IMPACT ENERGY (FT LBS) 


Armstrong at the Research & Develop- Test Method 


ment Division, International Nickel hc 
Co., Ine., New York, N. Y. These -notch Charpy impact data on the 


steels, containing carbon ranging from 12 stec Is of varied carbon and mangan¢ e 
0.04 to 0.45% and manganese from 0.43 content were obtained from the work of 
to 1.05%, were prepared as laboratory r. N. Arsastrong and 

heats, deoxidized with silicon and alu- In addition to recording the energy ab- FULLY KULED) #44 


minum to similate commercial fine- | 
grain practice, forged to °/y-in. square 
bar stock, and normalized from 1700° and the percentage of fibrous (or erystal- 
F. line) surface estimated. Lateral ex- 


sorbed in impact testing, the fracture ap- 
pearance of each specimen was observed 


20 60 200 240 
TEMPERATURE (°F) 


MAXIMUM LOAD Fig. 2. Effect of aging on the energy- 
!ZERO SLOPE) temperature relationship in impact 


~ 
~ 
~ For purposes of slow-bend testing, the 


V-notch Charpy bar was supported by a 
fixture on the platen of a hydraulic 
testing machine and loaded by a ram 
fastened to the fixed head of the ma- 
chine. Dimensions of the supporting 
7 fixture and the loading ram were made 
+ f to conform with those specified for the 
LATERAL GROWTH OF INITIATING PROPAGATION OF CRACK anvil and the striking hammer in the 
CRACK standard Charpy impact test. The sup- 
porting fixture was contained in a tank 
so that the specimens could be tested 
while totally immersed in a liquid. The 
slow-bend specimens were loaded at a 
deflection rate of 0.01 in. per minute. 
P - The load-deflection diagram was auto- 
0.2 0.3 . 0.5 matically recorded by a microformer- 
DEFLECTION ( INCHES) type deflectometer actuated by the 
change in distance between the fixed 
head and the moving platen of the test- 
the crack the thichness direction with specific deflection or to fracture was cal- 


capacity. When the initiating crack propagates by continuous release of the elastic-stress field sur- . 
rounding the crack (zero energy after maximum load), the fracture is considered to be brittle area under the load-deflection curve. 


LOAD (POUNDS) 


° 


——COMPLETE (BRITTLE) 


Fig. 1 Crack initiation and propagation in V-notch Charpy slow-bend testing 


culated from planimeter readings of the 
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The slow-bend test, in contradistinction 
to the impact test where adiabatic de- 
formation occurs, was essentially iso- 
thermal in that the rate of loading was 
slow and the specimen was completely 
immersed in liquid. 
Selection of Performance Criteria 

In the last few years, it has become 
apparent to many investigators study- 
ing transition behavior in steel, that the 
choice of performance criterion may 
have a major influence on the conclu- 
sions drawn. For example, Rinebolt 
and Harris* observed that since the en- 
ergy in the Charpy impact test goes into 
1) bending, (2) initiation of the crack 
and (3) propagation of the crack, the 
various alloying elements in steel may 
have different effects on the energy re- 
quired for these various events and, 
therefore, have different effects on the 
shapes of the transition curves. Rine- 
bolt and Harris showed, in fact, that 
different 
exist, depending on the alloying elements 
present in the steel. 
ample, was found to raise the transition 
temperature but lower the maximum 
energy and widen the transition range; 
thus, in using a definition of transition 
temperature based on 15 ft-lb, a high- 
carbon steel may be compared at 40% of 


shapes of transition curves 


Carbon, for ex- 


RIMME 


FIBROUS FRACTURE IMPACT 


Fig. 3 Effect of aging on the fibrosity- 
temperature relationship in impact 
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its maximum energy, with a low-carbon 
steel at less than 10° of its maximum 
energy. It was observed that in view 
of this discrepancy, it is not surprising 
that the 15 ft-lb definition indicated the 
effects of carbon to be different from 
those indicated by other criteria and 
definitions investigated With increas- 
ing manganese, the investigators ob- 
served that the entire curve was shifted 
to lower temperature without particu- 
larly changing thy ape of the curve, 
.e., the maximum energy, the lower end 
of the curve, and the width of the transi- 
tion zone all stayed approximately the 
Because of the varied effect of 
the different alloying elements on the 
transition curve, the choice of pertorm- 
ance criterion and the attending defini- 
tion ol 


same. 


1 transition temperature are es- 
sential considerations in evaluating the 
effect of metallurgical 
tle fracture. 

In an earlier report to the American 


Society for Testing Materials, a partic- 


variables on brit- 


ular definition of transition temperature 
was discussed for use in connection with 
V-notch Charpy slow-bend tests.4 Tran- 
sition temperature was defined as the 
at which sudden 


highest temperature 


} 
and complete fracture or curred at maxi- 


mum load, Le., the temperature cor- 
responding to zero energy after maxi- 
The definition of 


transition temperature was based on (1 


mum load (Fig. 1 


an experimental observation by Raring 
that the start of crack propagation in 
direction of V-notch 
Charpy slow-bend bars coincides with 


the thickness 


the maximum in load as determined 
from the load-deflection diagram,® and 
2) a suggestion by Orowan that one 
may differentiate between ductile and 
brittle fracture by noting the manner 
in which the initiating crack is propa- 
gated, 1.e., a brittle fracture crack is 
propagated by continuous release of the 
elastic stress field surrounding the crack; 
whereas, a ductile fracture crack requires 
plastic deformation work to extend the 
crack, 
after maximum load, the fracture may 
be considered to be brittle and the crack 


is referred to as 


Thus, with zero energy (work) 


“self propagating.” 
The criteria used in evaluating slow- 
bend performance were (1) lateral ex- 
pansion (deformation), (2) fracture ap- 
pearance percent fibrosity ) and (3) 
temperature. In particular, attention 
was focused on the deformation, fibros- 
attending cata- 


strophic crack propagation (sudden and 


itv, and temperature 


complete fracture of the test specimen at 
maximum load). The use of lateral ex- 
pansion as a measure of the plastic-de- 
formation work was based on earlier 
findings (see Ref. 2) which demonstrated 
that a direct proportionality exists be- 
tween lateral expansion and energy ab- 
pearlitic-steel 


sorbed in fracturing 


Charpy specimens. 
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FRACTURE SLOW BEND 


FIBROUS 


EMPERAT URE 


Fig. 4 Effect of aging on the fibrosity- 
temperature relationship in slow bend 


An appreciable amount of deforma- 
tion was found to occur in V-notch 
Charpy slow-bend specimens tested at 
the highest temperature permitting sud- 
den and complete fracture at maximum 

The lateral « Y pansion occurring 
in such specimens was assumed to have 
occurred prior to crack propagation; 
based on this assumption, the deforma- 
tion measured in sucl specimens re- 
flected the work 
done in bending and forming the initi- 


plastic-deformation 


ating crack. Thus, it was possible to 
evaluate separately the crack-propaga- 
tion and crack-initiation stages of the 
fracture process in slow be nd. 

notch-bar impact 
expressed 


In conventional 
usually 


testing, results are 


in terms of (1 absorbed in pro- 


energ\ 
percent fibros- 
itv (or crystallinity) in the fracture sur- 
face. In order to make quantitative 
comparisons between Impact and slow 


ducing fracture, and (2 


rates of loading, it was considered nec- 
essary to apply the same criteria and 
definitions of transition temperature to 
both tests Therefore, the criteria used 
in this investigation were restricted to 
the following: 

Fracture appearance Percent fibros- 
ity can be estimated directly from the 
fracture surfaces in both slow-bend and 
impact test specimens. Two definitions 
of transition temperature were evalu- 
ated using this criterion, viz., (1) the 
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Table 2—Deformation Corresponding to the Onset of Brittle Fracture* 


(Slow bend) 


Rimmed 
in (%) 
0.042 (10.6 
0.030 ( 7.6) 
0.015 ( 3.8) 


Stabilized 
Quenched 
Quench-aged 


—Semikilled— Fully killed 

in. (%) in. (%) 
0.042 (10.6) 
0.032 € 
0.029 ( 7.4) 


0.040 (10.2) 
0.030 ( 7.6) 
0.026 ( 6.6) 


* Lateral expansion occurring in test specimens which fractured suddenly and completely 
at maximum load, i.e., with zero energy after maximum load. 


highest temperature producing evidence 
of crystallinity in the fracture surface, 
and (2) the temperature corresponding 
to 90°% crystallinity in the fracture sur- 
face. The latter was based on the fact 
that in slow-bend tests, the amount of 
fibrosity occurring at the highest tem- 
perature producing sudden and com- 
plete fracture at maximum load was 
found to be largely independent of com- 
position and corresponded to approxi- 
mately 90°% crystallinity. 

Work done (or energy absorbed). The 
calibrated impact-testing machine pro- 


10 


V-NOTCH CHARPY 
SLOW BEND 


z 
i 
2 
3 


30 40 60 70 
TOTAL ENERGY (FT-L8) 


Fig. 5A _ Relation between Poisson 
effect and energy to fracture 

The plot of lateral expansian versus total energy 
indicates a simple relationship that is largely in- 
dependent of metallurgical variables. The dash 
curve represents the deformation-energy re- 
lationship for impact (from Ref. 2) 


so} FULLY 


vides a direct measure of the energy ab- 
sorbed in fracturing an impact speci- 
men; the load-deflection diagram pro- 
vides a measure of the work done in 
bending, and lateral expansion 
provides a measure of the plastic-de- 
formation work done in fracturing the 
test specimen. Because of the changes 
in shape of the energy-temperature 
transition curves produced by composi- 
tion variables, comparisons based on an 
arbitrarily selected energy level were 
rejected; instead, comparisons were 
based on the deformation level (meas- 
ured as lateral expansion) correspond- 
ing to the amount of deformation at- 
tending brittle fracture in the slow-bend 
tests. 


TEST RESULTS 
Effect of Aging on Transition Behavior 

The over-all effect of sub-critical heat 
treatment on transition behavior at im- 
pact rates of loading is apparent from 
the energy-temperature transition 
curves. From an examination of Fig. 2, 
it may be seen that (a) an appreciable 
embrittlement occurred in all three stéels 
as a result of the quench-aging (30-day) 
treatment, (b) the extent of the embrit- 
tlement was a function of deoxidation 
practice, with the fully killed steel least 
and the rimmed steel most embrittled 
and (c) at low energy levels, there was 
little difference between the transition 
curves for the stabilized and quenched 
(1-day) conditions. It should be noted 
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Fig. 6 Effect of aging on the deforma- 
tion (energy)-temperature relationship 
in slow bend 


in connection with the latter observa- 
tion, that the upper portion of the tran- 
sition-temperature curves for quenched 
and quench-aged materials may have 
been displaced as a result of accelerated 
aging occurring while the materials 
were exposed to the higher temperatures 
of test. 

Similar observations are 
from the fibrosity-temperature impact 
transition curves (Fig. 3). Again, be- 
cause elevated testing temperatures may 
have introduced accelerated aging, at- 


possible 


Table 3—Transition Temperatures (°F) 


Rimmed Semikilled Fully killed 
Slow Impact Slow Impact Slow Impact 
90°% eryst.* + 5O + SO + 20 + 6 —10 +30 

deform.* - 10 +100 — 70 + § 70 +30 
90°) eryst + 90 + S80 + 70 +20 +30 
deform + 5O +100 + 20 . 0 +20 


Criteria 


Stabilized 


Quenched 


ENERGY AFTER MAXIMUM LOAD (FT 


Quench- 
aged 90° eryst. +150 160 +130 +80 +80 


deform. + 70 -140 + 70 + +60 +60 


* Temperatures corresponding to 90°% crystallinity in the fracture surfaces. 

+ Temperatures corresponding to (a) zero energy after maximum load in slow bend (see 
Table 2 and Fig. 6), and (b) energy levels producing equal amounts of deformation in 
impact; for example, it will be noted from Table 2 that the lateral expansion occurring in 
the quench-aged fully killed material at the highest temperature permitting brittle crack 
propagation in slow bend was 0.029 in. From the dashed curve of Fig. 5A, 0.029-in. 
lateral expansion is equivalent to 29 ft-lb impact. From Fig. 2, 29 ft-lb corresponds to 
approximately 60° F in impact and from Fig. 6, 0.029 in. corresponds to approximately 
60° F in slow bend. 


DO a20 000 060 100 
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Fig. 5B Effect of aging on the energy- 
deformation relationship 


(x) represents the stabilized condition, (o) the 
quenched (1-day) condition, and (e) the quench- 
aged (30-day) condition. Note that the re- 
lationship is no longer independent of metal- 
lurgical variables 


404-s Harthower—TIm pact Tests WELDING RESEARCH SUPPLEMENT 


+] STABKZED 
RA “60 -40 40 60 20 60 200 240 
“| 
I af 
! 
| 
@ -40 880 20 0 200 20 
2 1 | | 
| | | 
| FULLY KILLED | 
1 
4 | 
4 0 4 12 60 20 240 
so} 
x aa 
x 
LE 
sof} 
4 
> 


tention was focused on the lower portion 

of the curves. Note that, as in the case or o4c caw x IMPACT | * SLOW BEND 

of the energy-temperature curves, there T T T T T T 

was little displacement between the 7 eg, 

lower portions of the stabilized and re z 

comparison between slow bend and im- ¢ 

pact is readily made on the basis of the ed | = re x 4 
fibrosity-temperature transition curves. 

From Figs. 3 and 4, note that slow 40F 4 
bending resulted in a displacement be- 

tween the stabilized and quenched (1- — 

In addition to comparisons based on 0 * 
the displacement of curves, quantitative 2 1 + 
evaluations are expedited by the tabu- 200F o9¢ / 
lation of transition temperatures. Two 5 “2 ,s 
definitions were considered. Transition + «sok ¥ 
temperature based upon fracture ap- 
pearance was defined as the tempera- J 
ture corresponding to 90% erystallinity = 
in the fracture surface. This criterion sol- e oF onc J 
and definition was particularly conven- pig 
ient in that it could be applied directly 
to both slow-bend and impact tests. 
perature was based upon the amount of 


TESTING TEMPERATURE (°C) 
Fig. 7 Effect of carbon on the energy-temperature relationship in slow bend (e) 
and impact (x) 


deformation occurring in slow-bend 
specimens which fractured suddenly 
and completely at maximum load, 1.€., 
the deformation corresponding to zero The steels shown contain essentially constant manganese (0.43-0.49 9%) 
energy after maximum load (Fig. 5). 
These deformation values are listed in 
Table 2 and the slow-bend transition 


temperatures corresponding to these MANGANESE — 1.59 
values, as determined from Fig. 6, are 7 et are 
presented in Table 3. Temperatures 240F 046 

producing equal amounts of deformation e 
in slow bend and impact were deter- | | 3 
mined he basis of the direct pro- 7 
nined on the basis of the direct pro J 
portionality that exists between lateral ] 
expansion energy-to-fracture in 120 120+ 
pearlitic-steel Charpy bars. These are Ps 
also presented in Table 3. 80 4 4 

The effects of deflection rate and ag- 4 
ing treatment as indicated by the transi- 40 eis 40F es 4 
tion temperatures listed in Table 3 are 4 

summarized in Table 4. The difference 
between slow bend and impact in the 

stabilized condition (upper portion oO! jc 
Table 4) is attributed to deformation > r 7 
5 x 
rate per se; whereas, the relatively small i ive 
or negligible differences indicated be- Fed ° ae 
tween slow bend and impact in the 
4 
a 
quenched (1-day) and quench-aged (30- 5 e 120 
day) conditions is attributed to strain 4 ~~ 4 
aging occurring in the quenched | l-day ) 80 J 80 ot J 
material while slow bending (strain 4 : J 
aging shifted the slow-bend transition 40 e 40 Sex : 
curves toward higher temperature and ee? x 4 “ x 4 

thereby reduced or eliminate d the dis- ek x. 
placement between the slow-bend and ’ 
impact transition curves). From the 206 mor 

lower portion ol Fable note that the 4 sot 
magnitude of the increase in transition 4 oo 

x 
temperature of the quench-aged (30- 40 4 40} 4 
day) over the quenched (1-day) condi- 7 
tion was essentially constant irrespective “60-120 -40 O 40 
of material or rate of loading; the dif- TESTING TEMPERATURE (°C) 
ference (approximately 50° F) between Fig. 8 Effect of carbon on the energy-temperature relationship in slow bend (e) 
the l-day and 30-day conditions is at- and impact (x) 
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iss 
‘ ay 
x 


tributed to quench aging. The rise in 
transition temperature in the quenched 
(l-day) condition over the stabilized (Impact vs. slow bend) 
condition in slow bending is attributed (See Table 3) 
to strain aging in the quenched material Criteria pee Semikilled Fully killed 
while slow bending (it was demon- eis : 
Stabilized 90°) eryst 30 10 40 

strated in an earlier report! that a sub- deform 110 150 100 
critical quench, conditions these materi- Quenched 10 10 
als for strain aging). deform 50 60 2%) 

Note that the effects as determined on Quench-aged 90°>% ervst 10 10 0 
the basis of deformation and fracture deform 70 70 0 
appearance are similar with one notable Increase in transition temperature (° F) produced by aging treatments 
(See Table 3) 


Table 4—Increase in Transition Temperature (° F) with Increased Rate of Loading 


exception, viz., the magnitude of the dif- 
ferences in transition temperature be- Rimmed Semikilled Fully killed 
tween slow-bend and impact rates of Criteria Slow Impact Slow Impact = Slow Impact 
loading were generally much greater on Quenched vs. 90°> eryst 10 0 50 20 30 0 
the basis of the deformation criterion. stabilized deform 60 1) 90 0 70 —10 
The Effect of C and Mn on Shape and Quench-aged 90°; ery st po SO 60 60 60 50 
Displacement of Transition Curves vs. quenched deform. 20 40 50 60 60 10 
Total energy as measured by planim- 
eter from the slow-bend load-deflec- plotted on the same coordinate system. The data show that carbon had a 
tion diagrams was plotted against test- Five heats, containing carbon ranging marked effect on the shape of the transi- 
between 0.04 and 0.45 percent with es- tion curve and that the effect was similar 
sentially constant manganese (0.43. to in slow bend and impact. Note that as 
0.49 percent) are compared in Fig. 7. carbon (pearlite) was increased, the 


ing temperature and, for comparison, 
the transition data obtained in impact 
by Armstrong and Warner were re- 
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Fig. 9 Effect of manganese on the energy-temperature relationship in slow bend (¢) and impact (x) 
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TESTING TEMPERATURE (°C) 
Fig. 10 Effect of carbon on the fibros- 
ity-temperature relationship in slow 
bend (e) and impact (x) 


maximum energy and slope of the curve 
was decreased, and that although the 
displacement between the slow bend 
and impact curves decreased with in- 
creasing carbon content, impact loading 
generally shifted the transition curve to 
higher temperature. 

Two additional groups of laboratory 
heats containing varying amounts of 
carbon at progressively higher levels of 
manganese are presented in Fig. 8. The 
same general trends were observed at 
all three composition levels. 

The transition curves for three series 
of laboratory heats containing varying 
amounts of manganese at three carbon 
It should 
be noted in connection with these plots 


levels are compared in Fig. 9 


that, with one exception, these are re- 
groupings of the transition curves pre- 
sented in Figs. 7 and 8; the repeated 
curves are shown without plotted points. 
The curves as presented in Fig. 9 show 
that as manganese was increased at a 
given carbon level, the impact curve 
was shifted to lower temperature with- 
out an appreciable change in shape or 
maximum energy level; whereas, in 
slow bend the lower portion of the curve 
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was shifted more than the upper portion 
The same heats grouped as they were 
in Figs. 7, 8 and 9 according to carbon 
and manganese content, are presented in 
Figs. 10, 11 and 12 as fibrosity-tempera- 
ture transition curves. The data as 
plotted in Fig. 10 show that the 
transition from ductile-to-brittle frac- 
ture appearance was raised by increas- 
ing carbon pearlite content, and that 
the trend was similar for both slow bend 
and impact rates of loading. Note that 
the extent of the difference in transi- 
tion temperature between slow bend 
and impact decreased with increasing 
carbon content. The data as plotted in 
Fig. 11 show the same trends at higher 
manganese levels The data as plotted in 
Fig. 12 show the effect of varied manga- 
nese content at three levels of carbon 
Increasing manganese is shown to have 
produced a general displacement of the 
transition curve toward lower tempera- 
ture; the effect, however, was greater in 
impact than in slow bend; as a result 
with increasing manganese the displace- 
ment between the slow-bend and impact 
transition curves decreased somewhat. 
Thus, carbon was found to both shift 
and change the shape of the transition 
curves. Manganese, on the other hand, 
shifted the curves in impact and both 
shifted and somewhat changed the shape 
The effect 


of increasing carbon in changing the 


of the curves in slow bend. 


shape of the transition curves consisted 
of a lowering of the maximum energy 
and a widening of the range of tempera- 
ture over which the transition from duc- 
tile-to-brittle behavior oecurred. With 
increasing carbon, the transition oc- 
curred at increasingly higher tempera- 


ture: increasing manganese, on the 


other hand, generally lowered the tran- 
sition. 

From the conventional energy-tem- 
perature and fibrosity-temperature tran- 
sition curves, it is evident that both the 
difference in deflection rate between 
slow bend and impact, and the metal- 
lurgical variables introduced by com- 
position, affect the transition from duc- 
tile-to-brittle behavior 
curves do not differentiate between the 


However, the 


various stages involved in the fracture 
process; i.e., the impact-energy and 


slow-bend-work determinations provide 


only an integration of the various stages 
of the fracture process, viz., resistance 
to bending, ecrack-initiation, and crack- 
propagation. Moreover, although gen- 
eral comparisons between transition 
curves often indicate similar overall 
trends regardless of the choice of per- 
formance criteria used, it is apparent 
that because of the changes in shape of 
the transition curves produced by vari- 
ous metallurgical variables, the conclu- 
sions drawn with respect to transition 
behavior may be dependent on the 
choice of performance criteria and in 
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particular on the attendant definition of 
transition temperature. 
Effect of C and Mn on Transition 
Temperature 

The selection of transition tempera- 
ture is necessary if the effects of carbon 
and manganese on transition behavior 
are to be quantitative evaluated. 
Transition temperatures based on frac- 
ture-appearance criteria are considered 
first because they can be applied di- 
rectly to both slow bend and impact. 
Table 5 columns (a,) and (a;) show the 
effect of carbon and manganese on the 
highest temperature at which crystal- 
linity occurred in the fracture surfaces. 
Note that with increasing carbon, there 
was a general trend for crystallinity to 
occur at increasingly higher tempera- 
tures in both slow bend and impact. 


However, with increasing manganese, 
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little or no effect was observed in slow 


bend: Table 5—Transition Temperatures (° C) 


whereas, in impact, increasing 
manganese resulted in a lowering of 
transition temperature. Another defi- 


Slow bend Impact 
Onset of 


brittlet 


Onset of 


Onset of 90°; Onset of 90°; brittlet 


nition of transition temperature is based 
upon the lower portion of the fibrosity- 
temperature curves, viz., 90° crystal- 
linity (Table 5, columns 6, and 6,). This 
definition is of interest because it was 
previously shown’ that the amount of 
fibrosity attending the onset of brittle 
fracture in slow bend is largely inde- 
pendent of carbon and manganese con- 
tents (in the C-Mn steels investigated 
the amount of crystallinity occurring at 
the onset of brittle fracture fell within 
the range of SO-100 percent—arithme- 
tical average, 90° erystallinity). Note 
that with increasing carbon content 
there was a general trend toward higher 
transition temperatures in both slow 
bend and impact; whereas, with in- 
creasing manganese content, the transi- 
tion temperatures tended to be lowered. 

Column (c,) of Table 5 shows the ef- 
fect of carbon and manganese on the 
highest temperature permitting sudden 
and complete fracture at maximum load 
(onset of brittle fracture in slow bend- 
ing). With increasing carbon content, 
there was a general trend for the onset of 
brittle fracture to occur at increasingly 
higher temperature; whereas, with in- 
creasing manganese content, the onset 
of brittle fracture tended to occur at pro- 
gressively lower temperature. Note that 
to all practical purposes, the transition 
temperatures in slow bend based upon 
90°) crystallinity were the same as 
determined on the basis of the self- 
propagating-crack criterion (compare 
columns 6, and c, of Table 5). Column 
(¢,) presents the temperatures corre- 
sponding to impact-energy levels pro- 
ducing deformations equal to those oc- 
curring in slow-bend bars at the highest 
temperature permitting brittle-crack 
propagation. Note that with increas- 
ing carbon there was little or no change 
in transition temperature except for a 
marked rise in the ease of the 0.45% 
steel; increasing manganese, the 
other hand, resulted in a significant 
lowering of transition temperature. 

Attention is invited to the similar be- 
havior patterns indicated in columns 
and (¢,). Moreover, certain gen- 
eral trends may be observed in Table 5 
irrespective of  transition-temperature 
definition or rate of loading. For ex- 
ample, at a given manganese level, in- 
creasing the carbon from 0.04 to 0.11% 
had no effect on transition temperature 
(likewise an increase in carbon from 
0.15 to 0.20% produced no significant 
change). 

Table 6 shows the effect of increased 
rate of loading on transition tempera- 
ture. Based on the onset of crystallin- 
ity note that the difference between 
transition temperatures in slow bend 
and impact generally decreased with in- 
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Carbon (‘ 
(0.43-0.49°, Mn) 

0.04 

0.09 

0.15 

0.21 

0.45 
(0.69-0.78°; Mn) 

0 04 

0.11 

0.20 
(0.92—1.05°; Mn) 

0.04 

0.10 

0.20 

O31 

Manganese( ) 
(0.04670 ) 

0.438 

0.74 

0.98 

0.43 

0.78 

1.03 
(0.20-0.21°,.C) 

0.47 

0.69 

0.92 


fracture 


(Cs) 


cryst. 
(az) 


eryst.* cryst. 


(as (bs) 


—110 
—110 
— 80 
— 30 
— 40 


— 140 
— 130 
— 100 


— 150 
—140 
— 100 
— SU 


— 90 
— 120 
—110 


—110 — 90 
—140 — 120 
— 150 — 140 


— 100 
— 120 
— 140 


— 
—110 
— 100 


—110 
— 130 
—140 


— 60 
— 100 
— 100 


— 40 — 80 
— 30 — 100 
— 50 — 100 


cryst fractu ré 
(bi (Ci 


* Highest temperature producing crystallinity in the fracture surface. 
+ Highest temperature producing brittle crack propagation (zero energy after maximum 


load). 


t Temperatures corresponding to impact energy levels producing deformations (lateral 
expansion ) equal to those occurring in slow bend at the onset of brittle fracture (cs). 


Table 6—Increase in Transition Temperature with Increased Rate of Loading 


Carbon (©) 


(Impact vs. slow bend) 
(See Table 5) 
Temperature ( 


Onset of brittle 


Onset of cryst. fracture 


(0.43-0.49°7) Mn) 


0.04 

0.09 

0.15 

0.21 

0.45 
(0.69-0.78°,M 

0.04 

0.20 
(0.92-1.05°>M 

0.04 

0.10 

0.20 

0.31 


n) 


n) 


Manganese (; ) 


0.43 

0.74 

0.98 

0.48 

0.78 

1.03 
(0.20-0.21%C 

0.47 

0.69 

0.92 
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Fig. 12 Effect of manganese on the fibrosity-temperature relationship in slow bend (e) and impact (x) 


creasing carbon and manganese con- 
tents. Transition temperatures based 
upon 90% crystallinity and the onset of 
brittle fracture also showed a generally 
decreasing velocity effect with increas- 
ing carbon, but showed little or no trend 
with increasing manganese content. 
Summary Discussion of Results 
Carbon both shifted and changed the 
shape of the transition curve and man- 
ganese shifted the curve in impact, and 
both shifted and somewhat changed the 
shape of the curve in slow bend. The 
effect of increasing carbon in changing 
the shape of the transition curve con- 
sisted of a lowering of the maximum en- 
ergy and a widening of the range of 
temperature over which the transition 
from ductile-to-brittle 
curred. With increasing carbon, the 
transition occurred at increasingly higher 
temperature ; 
hand, generally lowered the transition. 
Sub-critical heat treatments which 
conditioned the materials investigated 
for quench and strain aging resulted in a 
varied transition behavior which de- 
pended upon the rate of loading and the 
aging treatment. While there was no 
significant difference in the transition 
curves between the stabilized and 
quenched (1-day aged) conditions in 
impact, an appreciable difference be- 
tween the two conditions occurred in 
slow bend. The difference between the 
stabilized and quenched (1-day) condi- 
tions in slow bend was attributed to 
strain aging occurring in the duration of 
slow bending. All three materials, ir- 


behavior oc- 


manganese, on the other 
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deoxidation 
showed a marked displacement of the 
transition curves to higher tempera- 
ture as the result of quench aging for 30 
days at room temperature. 

Transition curves obtained in impact 
were generally displaced toward higher 
temperature as compared to those ob- 
tained in slow bend. Three notable ex- 
ceptions were observed: (1) as the car- 
bon content was increased, the displace- 
ment between the slow-bend and impact 
transition curves decreased: (2) with 
increasing manganese content, the dis- 
placement between the slow-bend and 
fracture-appearance transition 
curves decreased as the result of man- 


respective — of practice, 


impact 


ganese having a somewhat greater bene- 
ficial effect in impact than in slow bend; 
and (3) in the quenched (1-day aged) 
and quench-aged 30-day ) conditions, 
the slow-bend and impact fracture-ap- 
pearance transition curves coincided in 
the low-temperature range as a result of 
strain aging occurring in the duration of 
slow bending. 

Comparisons based on (a) the relative 
displacements of transition curves and 
(b) changes in transition temperature, 
indicated 
trends regardless of the performance cri- 
However, it is apparent 


generally similar over-all 
terion used. 
from a consideration of the changes in 
shape of the transition curves produced 
by composition, aging, and rate-of-load- 
ing variables that only through careful 
attention to the physical significance 0! 
the definitions of transition temperature 
and the use of equivalent definitions in 
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the slow-bend and impact tests, was It 
possible to develop consistent trends. 
The definitions of transition tempera- 
ture in impact remain somewhat arbi- 
trary in that their significance in terms 
of brittle fracture has not been deter- 
mined. Studies are in progress to de- 
termine the significance of the various 
portions of the impact transition curve 
in terms of resistance to crack initiation 
and crack Although a 
technique is available for distinguishing 
between the crack-initiation and crack- 
propagation stages of fracture in the 
Charpy impact test,’ there was insuf- 


propagation. 


ficient material remaining in the heats 
under investigation for application of 
the technique. 
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A NEW NODULAR CAST-IRON WELDING ROD 
FOR FOUNDRIES AND FABRICATORS 


Data is presented to show that a nodular-iron welding rod 
of suitable chemistry under proper oxyacetylene welding technique can 


form a weld-metal-bead of a fully-nodular ferritic-iron structure 


BY R. O. DAY, J. S. SNYDER, AND H. V. INSKEEP 


As can also be expected, the 
as-cast condition higher 
strengths and lower ductility than do 
pieces that have been heat treated after 
casting. 

Gray cast iron has its graphite in the 
form of random flakes that break up the 
continuity of the matrix. By way of 


Introduction strength. 
The increasing tonnage of nodular, or 
ductile, cast iron being produced and its 
widening field) of useful application 
attests to the importance that industry 
places upon this material. Because of 
its interesting mechanical properties, 
nodular iron is proving a very valuable 
material to the foundry industry and contrast, free graphite in nodular iron 
to users of castings. While the bulk is in the form of spheroids or nodules. 
of this material will continue to be used In this form, the continuity of the 
matrix material is markedly increased. 
It is this difference that is chiefly re- 
sponsible for the difference in me- 


produces Table 1—Mechanical Properties 


Vodula: won Gra jiron 


Ultimate 
strength, psi 133,500 16,500 
Yield Point, psi 80, 000 
Elongation, “% 
in 2 in. 9.5 


nodular iron, as foundries now cast 
this material, could not be used as a 
filler material. 


for casting complete units, it also shows 
promise as a material from which cast 


components can be made for assembling 
by welding methods. 

In some cases, nodular cast iron has 
mechanical properties approaching those 
of many grades of steel. Its tensile 
strength ranges from around 50,000 to 
150,000 psi as cast. It has a vield 
strength from 40,000 to 120,000. psi 
with an elongation in 2 in. from 2% to 

As may be expected, its ductility 
declines with increases in tensile 
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chanical properties of the two types 
of iron. 


Past Problems of Welding 

The welding of nodular iron has been 
reported in the literature only a few 
times. Papers on the subject have been 
pessimistic. individuals 
handling nodular iron have also been 
pessimistic regarding joining nodular 
iron with nodular-iron filler metal. 
Reports on tests using other filler metals 
have indicated much to be desired re- 
garding tensile strength, freedom from 
fissures and color match. Apparently, 


Opinions by 


This situation represented a challenge. 
Work was therefore undertaken to dis- 
cover a method to make a nodular iron 
which could be used for filler metal. 
This paper presents the present status 
of this work. The results look very 
acceptable; and as shown here, 
ing rod in the medium strength range 
has been developed. It yields a fully 
nodular deposit with a reasonable due- 
tility using the oxyacetylene method 
of welding. Deposits made with this rod 
by means of the gas-shielded tungsten- 
are method of welding are also nodular 
and of good quality. 


a weld- 


Nodular iron is at left and gray iron, 


Photomicrographs of two base materials in the as-cast condition are shown. 
For information on mechanical properties, see Table | 


Fig. 1 
right. 
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Fig. 2 These two structures were formed by gas tungsten-arc welding made with nodular-iron welding rod, before and 
The as-welded structure (left) has a hardness of 35 to 45 Rockwell C, while the annealed struc- 


after annealing at 1600° F. 
ture averages 90 Rockwell B 


Control Factors for Welding 
Major controlling factors when weld- 
technique 


ing cast iron are welding 


and the chemistry of the iron. Oxy- 


acetylene welding techniques, which 
have been developed over the vears, 
produce a very satisfactory weld in 
either gray or nodular cast iron. Im- 
proper techniques can very easily pro- 
duce a hard and brittle material in the 
weld and in the immediately adjacent 
heat-affected However, proper 
manipulation of the flame 
preheats the area surrounding the weld 


and allows heat to penetrate into the 


zone. 
welding 


base material, preventing the formation 
of the hard and brittle material. This 
method of control appears to be easier 
in the welding of nodular iron than in 
the case of gray iron. With respect 
to arc-welding techniques, the results 
of investigation now indicate that these 
techniques can be developed to pro- 
duce an entirely satisfactory weld. 
Jused on experimental data, annealed 
arc welds in nodular cast iron can 
present very favorable and useful me- 
chanical properties. 

As previously stated, chemistry of 
the iron is an important control factor 
in cast-iron welding. Cast iron con- 
taining a considerable amount of pearl- 
ite will produce a higher hardness in 
the heat-affected zone and at the weld 
junction than will the iron which is pre- 
ferritic. The alloy 


dominatel con- 


Table 2—Mechanical Properties 


Gas 
tunasten- 
arc 
5S 
39,000 
in 2in 1.5 
in Lin 15.0 


24.5 


Ultimate Strength, psi 
Yield Point, psi 

Elongation, 
Bend Elongation, 
Impact Resistance, ft-lb 
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tent of an allov grav iron also has a 
considerable metallurgical effect after 
welding. This is mainly because most 
of the commonly used alloving elements 
hardeners 


are carbide formers and 


which increase the quench-hardening 
tendency of the Much of the 


same can be said of the welding ol nodu- 


Iron. 


lar cast iron—namely, that a higher 


pearlite or alloy content will increase 
the hardness zones 


However, by 


surrounding the 
weld using what might 
be called normal oxvacetvlene welding 
techniques, there are not many irons 
particularly in the nodular 


satisfactorily 


group 
which cannot be welded. 
Laboratory Test Procedure 

When 
technique, gray-iron welding rods, re- 
ean produce a 
desired. 


used with incorrect welding 
gardless of chemistry 
deposit that is harder than 
Even with good chemistry and correct 
ter hniques, it is difficult to keep hard- 
This is a 


serious defect when the weld area must 


ness at a desirable level. 


be machined, because the hardness ol 
frequently 


the deposit is ver close 
to or above the maximum hardness for 
Although fullv- 


deposit 


satisfactory machining. 
ferritic iron rod may largely 
ferritic weld metal with a reasonably 
satisfactory hardness, other mechanical] 
strength of the 
deposited metal mav be unsatisfactory. 

When welding nodular cast iron, the 


properties im luding 


use of a suitable nodular-iron welding 
rod appears to create the most desir- 
able combination. As a result, a 
nodular-cast-iron welding rod has been 
developed which meets the major weld- 
ment fully- 


nodular weld without postheat treat- 


requirements namely, a 
ment when deposited by the normal 
tech- 
nique, a weld having a Brinell hardness 
of 200 or under, a weld deposit having 


oxyacetylene cast-iron welding 


desirable mechanical properties, and a 
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weld deposit having an excellent color 


match to the surrounding base metal. 


The bas hemistry of this new rod is 
similar to that of the general run of 
unalloved nodular iron except that 


cerium rather than magnesium is the 
The rod is designed 
icetvlene method 
ist-iron rod can be 


nodulizing agent. 
for use with the oxy: 
because usually ne 
expected to produce a deposit by are- 
welding methods having hardness and 
other mechanical properties acceptable 
for most applications without heat treat- 
ment 

In studying the mechanical proper- 
ties of the weld metal deposited by this 
all-weld-metal 
test samples were used with the excep- 
bend tests. Welds 
ining 11-x 4-x 1-in. 
thick cast-iron plates beveled to an in- 
cluded All-weld-metal 
0.505 tensile and unnotched Charpy 
impact specimens were prepared from 
Because of the specimen 
for suitable bend 
included the 
base material on both sides of the weld. 
However, the 
tered entirely in the weld metal. 


types of 


nodular-cast-iron rod 
tion of those tor 


were prepared by 


angle of 90 


each weld. 
lengt! necessary 
tests, these of necessity 
bending action was cen- 
Two 
ast-iron plates were used—a 
iron plate, and a com- 
mercial nodular-iron plate pear- 
liti Both the grav and nodular-iron 


1) 
pearutic gray 


(also 


Fig. 3 A bend test of 48 deg was 
made for this gas tungsten-arc weld 
which was annealed at 1600° F. For 
information on mechanical properties 
of the weld, see Table 2 


4 


base materials represented actual pro- 
duction irons 

Although this nodular-iron rod was de- 
primarily as an oxyacetylene 
welding rod, it was believed desirable to 
obtain data on are welding of 
the Samples were prepared 
using gas tungsten-arc welding on plates 
preheated to 1100° F. Initial efforts 
were made to complete these are welds 
However, 


signed 


some 


material. 


using multipass procedure. 
in practically every case, cracking oc- 
curred in either the heat-affected zone 
or in the weld metal, or in both. As 
a result of this experience, 
long-are technique was developed, and 
the welding proceeded with the long 
are in a manner that closely resembled 
Mechani- 


a special 


the oxyacetylene technique. 


Fig. 4 Microstructures of three oxy- 
acetylene welds are shown in the as- 
welded, stress-relieved and fully an- 
nealed conditions, from top to bot- 


tom, respectively. See Table 3 for 
mechanical properties 


412-s 


cal tests were made only after annealing 
the are welds. No effort was made to 
use these rods as a covered electrode 
for open-are welding. 

Most of the oxvacetylene welds were 
made without preheating the plates, 
preliminary tests indicated 
that nothing was to be gained from the 
preheating. Normal oxyacetylene tech- 
niques allow sufficient preheating at 
the start and during progress of the weld 
on base-metal specimens of the size 
used. The mechanical tests were made 
on samples in the as-welded condition, 
as stress relieved at 1100° F, and as 
fully annealed at 1600° F, All samples 
prepared for mechanical tests were taken 
from welds joining two beveled plates. 


because 


Test Results 

Figure 1 shows the microstructures 
of the two base metals used in this 
work, both in the condition. 
The nodular iron is a fully pearlitic ma- 
terial of unusually-high mechanical 
properties as shown in Table 1. No 
particular effort was made to obtain 
such high-strength material; in fact, 
in ordering these plates for the test 
work, no tensile range was specified. 
It just so happened that this is the 
material which was received. In spite 
of the high-strength figures, the elon- 
gation in 2 in. was high. The gray-iron 
base material was a high-strength pear- 
litic gray iron with an ultimate strength 
of 46,500 psi. As might be expected, 
no ductility could be recorded in the 
tensile tests on this material. 

Figure 2 illustrates the structure of 
a typical gas tungsten-are weld made 
with the nodular-iron welding rod be- 
fore and after annealing. The 
welded structure reveals a considerable 
amount of nodular graphite surrounded 
by a ferritic matrix high in free-carbide 
content. Hardness readings over this 
area range from 35 to 45 Rockwell C 
(325-425 Bhn). This same weld ma- 
terial is annealed at 1600° F. The an- 
nealing treatment has transformed the 
rather hard carbide-bearing matrix 
into an almost completely-ferritic ma- 
trix containing nodular graphite. The 
hardness readings of this area have 
averaged 90 Rockwell B (185 Bhn). 

An interesting set of tensile and elon- 
gation figures resulted from mechanical 
tests on a gas tungsten-are weld after 
it was annealed at 1600° F. Results 


as-cast 


as- 


Fig. 5 Bend tests made on these oxy- 
acetylene-welded structures show a 
58-deg bend and 18.75% bend 
elongation in 1 in. in the upper struc- 
ture which was annealed at 1600° F, 
and a 42-deg bend and 14% bend 
elongation in lower as-welded struc- 
ture 


are shown in Table 2, while the tested 
weld is shown in Fig. 3. Because of the 
high hardness of the as-welded electri 
welds, it was not possible to machine 
mechanical test bend 
through 48° and a bend elongation of 
15% in 1 in. is revealed in the face. 
bend specimen shown in Fig. 3. This 
and the previous photograph appear 
to illustrate the very excellent and uses 
ful mechanical properties that can be 
obtained from a gas tungsten-are weld 
with the nodular-iron rod, if the weld 
can be annealed. 

The microstructures of three 
acetylene welds are illustrated in Fig, 
4: one as-welded, one stress-relieved, 
and fully-annealed. The 
shown are approximately the center 
of the weld and are, without a doubt, 
all-weld-metal samples. One would 
not expect to see much difference in 
the microstructure between the 
welded and the stress-relieved mate. 
rial, nor would one expect any great 
difference in mechanical properties. 
This is illustrated in Table 3. The 
fully-annealed sample shows the ex~ 
pected drop in tensile properties and an 
appreciable rise in elongation. The 
bend elongations are also of interest. 
The bends were made on a standard 
guided-bend jig. The impact speci. 
mens used to obtain the values recorded 
were unnotched. Stress-relieving tem- 
perature was 1100° F, and the an- 
nealing 1600° F. 

Figure 5 shows photographs of some 


specimens. A 


OXY-s 


one areas 


Table 3—Mechanical Properties of Oxyacetylene Welds 


é 1 lde d 


Ultimate Strength, psi 67,000 
Yield Strength, psi 4,300 
Elongation, ©; in 2 in. 3.5 
Bend Elong., “% in 1 in. 14.0 
Impact Resistance, ft-lb 77.0 


Stress relieved, Annealed, 


1100° F 1600° F 

76,900 66, 200 

60,700 17 , 400 
6.75 12.5 
15.0 18.7 
79.0 66.5 
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face-bend specimens in the as-welded 
and annealed condition. It was thought 
that this would be interesting to the 
reader to see the actual amount of bend 
that was typical of a number of such 
specimens made of oxvacetylene welded 
material, 

Figure 6 is a photograph of two oxy- 
acetylene welds with a hardness ex- 
ploration across each. These particu- 
lar samples were in both the as-welded 
and annealed condition. As can be 
seen by the hardness figures on the 
photograph, the hardness remains at a 
value well under the maximum for good 
machinability even in the heat-affected 
zone of the as-welded sample. The 
hardness of the weld metal is fairly 
low. This hardness exploration was 
made on a Rockwell superficial hard- 
ness tester, and the hardness readings 
were converted to Brinell scale as shown 
in this photograph. 

The color match of the deposited 
weld metal with the surrounding base 
Figure 7 illus- 
which the 
deposited weld 


metal is also of interest. 
trates the 
oxvacet\ lene 


close match 
metal 
makes with both the nodular iron and 
This match 
is believed to be sufficiently close to 


the gray base materials. 


either base metal to make this rod us- 
able with either. 

Figure illustrates an interesting 
condition, which was revealed in one of 
the test specimens. 
when this particular 
machined from the weld, an error was 


For some reason, 
specimen Was 


“121 


-S7- 


Fig. 6 Brinell-hardness exploration 
for nodular base material in the as- 
welded condition (left), and as an- 
nealed at 1600” F are shown on the 
photographs 
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made so that a small amount of gray 
base material, together with some weld 
junction area, was included the 
supposedly all-weld-metal sample. The 
top photomicrograph shows the struc- 
ture of the pearlitic-gray-iron base 
material. In the center is the weld 
junction area showing some nodules and 
broken-up 
flakes in what is frequently referred to 


a considerable amount. of 


as a “hot dog’’ structure with a rather 


high percentage of pearlite matrix 
The bottom photomicrograph 
the structure of the 


with nodules surrounded by a ferritic 


shows 
all-weld metal 
matrix. Under tensile tests, this speci- 
men failed at an ultimate strength of 
55,300 psi. Elongation was negligible 
The ultimate strength of the gray-iron 
base material was 46,500 psi. From 
the high failure strength of this test 
vident that the bulk 
strength was imparted by the 


specimen, it Is ¢ 
of the 
nodular weld metal until that compara- 
tively ductile material reached its 
elastic limit. The stretching of the 
nodular iron caused the break in the 
comparatively-brittle gray-iron 
terial 
final rupture came almost immediately. 


Thus when elongation started, 


The cross section of this specimen con- 
sisted of approximately 59% gray iron, 
15% weld junction material, and 80% 
nodular weld metal This 
that a great deal of dependence can be 


indicates 


placed upon a good nodular-iron weld 
even though mixed with areas of the 
less-ductile types of iron; and that as 
long as the yield point of the ductile 
iron is not reached, it will retain the 
load for the composite mixture with- 
out failing. However, as soon as the 
vield point of the nodular iron is reached, 
failure can be expected immediately 


Fig. 7 Color-match specimens of oxy- 
acetylene-deposited weld metal are 
shown. Top and center photographs 
show the as-welded and annealed 
conditions in nodular-iron base, while 
the bottom photograph shows the as- 
welded condition in gray-iron base 
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Potential Applications 

One can only speculate on the uses 
to which a rod of this tvpe can be put. 
Present belief is that the vast bulk of 
the material will find use as a filler ma- 
terial for weld repairing of nodular 
iron castings owever, there is no 
reason why the same rod would not be 
equally as acceptable for weld repairing 
ot hi 
ePXCE 
material lead one to believe that it would 
fit that picture as well as the nodular- 
iron castings While 

) opportunity to try it, this does sug- 


gest the possibility that a rod of this 


austings. The 


h-strength gray-iron « 


lent mechanical properties of the 


there has been 


Fig. 8 This oxyacetylene weld speci- 
men failed at an ultimate strength of 
55,300 psi under tensile tests. From 
top to bottom, photomicrographs show 
pearlitic-gray-iron base material (ap- 
prox. 5%), weld junction (approx. 
15%), and all-weld metal (approx. 
80%) 
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nature would also find use for the weld- 
repair of pearlitic malleable-iron 
Again, the 


properties 


ng 
very acceptable 
both high 


eustings. 

mechanical 
strength and ductility 
lead one to believe that this 
another possible field of usefulness for 


reasonable 
may be 


this tvpe of rod, 

The rod also has excellent possibilities 
as a material for fabricating (by welding 
assemblies made "Ip ol com- 
ponents of nodular iron. If the 
fubricated assemblies are sma!l enough 
to be 
ticular rod should prove 
material for this use. However, even in 
the as-welded condition, the mechani- 
welds made 


methods 


cast 


annealed completely, this par- 
an excellent 


cal properties ot these 
with this particular iron welding rod 
indicate the usefulness of this material, 
even when annealing or other postheat 
treatments are impossible. Where an- 
nealing is impractical, it appears that 
the assembly should be made by the oxy- 
acetylene welding method unless it is a 
type of structure in which some em- 


brittlement of the heat-affected 
and a low ductility can be tolerated. 
Where anneal is possible, it is entirely 
probable that either oxyacetylene or 
electric welding can be successfully used 
as a means of fabrication 


zone 


Summary 

Data presented here have shown that 
a nodular-iron welding rod of suitable 
chemistry, under proper oxyacetylene 
welding technique, can form a weld 
metal bead of a fully nodular ferritic 
iron structure. The hardness of the 
deposited metal will be 200 Bhn or 
under. Its mechanical properties will 
be acceptable for most applications in 
the as-welded condition. When 
nealed, its tensile strength is reduced 
but ductility is increased. 

When welded by the gas tungsten- 
are process, the as-welded deposit was 
hard and difficult to machine.  An- 
nealing at 1600° F produced a fully- 
nodular and ferritic material with good 
tensile strength and ductilitv. When 


an- 


welded under good oxyacetylene tech- 
nique, no hard constituents could be 
found in the weld metal, weld junction 
material, or heat-affected zone of the 
base material. Gas tungsten-arc weld- 
ing did produce hard constituents in 
the weld metal and in the heat-affected 
zone. As stated above, annealing com- 
pletely eliminated such constituents. 

It has been the purpose of this work 
to develop nodular iron which will pro- 
duce welds in the 50,000 to 75,000 psi 
ultimate strength range and with elon- 
gation in the 5 to 10% range, both 
properties in the as-welded condition. 
That objective reached. 
Improvement is a possibility and pre- 
sents a challenge for further work. 

At the present time, the rod has been 
made only on an experimental or pilot 
plant basis. It is expected that tech- 
niques used to produce the experimental! 
rod can be easily adapted to production 
operations. Until this how- 
ever, the rod should be considered solels 
as an experimental item. 


has been 


is done, 


RESULTS OF SOME BRITTLE FRACTURE TESTS 


BY F. HEBRANT, H. LOUIS, W. SOETE AND A. VINCKIER 


The tests described in this paper were 
made to simulate multiaxial stress 
conditions encountered in highly stressed 
example, at hatch 
and at knees of Vierendeel 
Three types of specimens 
were used: (1) diagonal butt welds, 
(2) patch welded into a rigid ring and 
the steels are 
JSC25 has high 
CECM25 


structures, for 
corners 


trusses, 


(3) crosses. Some of 
described in Table 1. 


weldability, while corre- 
Abstract by Gerard E. Claussen of “Resultats de 
Quelques Essais de Rupture Fragile Considérés 
du Point de vue du Constr published in 
Revue de la Soudure, No. 1 1957 


icteur 

20 pp 

Dr. Claussen is associated with the Development 


Laboratories, Linde Co., Newark, 


Artificial defect used in patch 


Fig. } 
tests 


tl4-s 


with 
does 


sponds average — weldability. 
CECM20 not satisfy Belgian 
weldability specifications, because the 
ratio of Kv to Ki is less than 0.6. 


Diagonal Butt Welds 


To cause spontaneous brittle frac- 
tures without applied stress, butt welds 
were made diagonally plates 
14 in. square. An artificial defect of 
the type shown in Fig. | was welded 
into the middle of the weld. The de- 
fect consists of a circular disk 2*/s in. 


&CTOSS 


diam split into quarters. Upon cooling 
the defect locally with liquid air, cracks 
were observed in the plate perpendicu- 


lar to the weld. 


Patch Welded into Rigid Ring 

A circular patch 16 in. diam = was 
welded into a ring restrained by four re- 
inforeing rings 6'/,-in. total thickness 
9-in. radial width. Two reinforcing 
rings were bolted to each side of the 
steel to be tested. The welded joints 
were of the X or K butt type or were 


(Continued on page 418-s 


Table 1—Some of the Steels Used in the Tests 


Steel 

Carbon 

Manganese 

Silicon 

Sulfur 

Phosphorus 

Nitrogen 

ASTM austenitic grain size 

Yield strength, psi 

Tensile strength, psi 

Elongation, © in 4 in 

Mesnager impact value Ki mkg/em? 
Mesnager impact value Kv mkg/em? 
Mesnager impact value Kv/Ki 


Charpy V-15 ft-lb transition temperature, ° 


Charpy V-15 ft-lb value at 32°F, ft-lb 
Charpy V-15 ft-lb value at —4°F, ft-lb 
Robertson arrest of brittle fracture, ° F 
Thickness, in. 


CECM20 ‘M2: JSC25 
0.130 0.185 
0.693 0.530 
0.122 0.070 
0.029 0.036 
0.017 
0. 006 


‘ 
34,700 
56, 300 


about 6 
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57,000 55,600 
28 29.1 34.2 
17.17 21.8 9 
7.12 5.12 12.4 
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STRESS CORROSION OF TITANIUM 
WELDMENTS 


Investigation indicates that chlorinated hydrocarbon solution 


causes the development of stress corrosion cracks when placed in 
contact with RC A110 AT titanium alloy at 700°F 


BY RUSSELL MEREDITH AND W. L. ARTER 


Introduction 
Today’s aircraft and missiles must fly at 
speeds which demand construction from 
materials that can provide sufficient 
strength at ele vated temperatures. The 
development of satisfactory materials 
is more and more becoming the key 
factor in. the 


designs. 


production of advanced 


Figure | is a photograph of an exper- 
imental test built by North 
American Aviation which illustrates thi 
aerodynamic configuration of this typ 
of aircraft. Titanium 
group of materials which show 


missile 


alloys are a 
much 
promise in these applications. 

For the 
has been 


N.A.A. 


conducting a program to 


past several years, 


evaluate the feasibility of producing 


guided-missil from high 
strength, weldable titanium allovs. 

As part of this program, a prototype 
tank both 


fusion welds was fabricated and tested 


components 


containing resistance and 
both at room and elevated temperatures. 
The elevated temperature test produc ed 
weld cracking of sufficient magnitude to 
Russell Meredith is associated wit! issile De 
Nx 


ypment Div rth American Aviation, In¢ 
| and W. L. Arter is with Air 


Presented at 1957 AWS National Spring Meeting 
April 8-12, Philadelphia, Pa 


Fig. 1 


Experimental test missile 
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ise the failure of aircraft components. 


This paper contains a summary of the 


determine the 


Investigation 


cause of the weld « 


Material 

The test tank was constructed from 
RC All0 AT titanium alloy. The 
material is an alpha alloy containing 
aluminum and tin as primary alloying 


elements. 


Test Tank 


Figure 2 is a 


tank. All fusion 
the tungsten-arc 


photograph of the test 
welding Was done 
process using 


Welds 
auto- 


argon cover and backing gas. 
number 1 through 6 were made 
ly, with no filler added 


full backing and 


matical 


using 
hold-down tooling 
Welds number 7 through 9 were made 


manually, with the addition of eommer- 


ially-pure filler wire, 


Tank Testing and Results 

Physical testing of the 
tank included |} 
ing and tension-compression 
parallel to the 
tank at 
tion the tank was 
tested at 700° F 

The room-temperature tests produced 


completed 
vdrostatic pressure test- 
loading 
longitudinal axis of the 
temperature. In addi- 
hvdrostatically 


room 


or the elevated 
test, a chlor- 

vas selected as the 
cause its non- 

Vapor pressure 
ratures The tank 
quid and slowly 
iperature of 700° F 
With the tank 
drostath 
liately numerous 


pressure 


These con- 

transverse 
extensively 

3 is a photo- 

w of the tank 
enetrant indications 

| by the elevated 
marking fluid 

erack indications 

be permanently 
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Fig. 3. Cracks in tank end after test 
at three locations in a corner weld 
which failed. 

It was felt that the cracks could be 
attributed to one of the following three 
causes: (1) embrittlement of the welds 
caused by improper welding technique. 
(2) embrittlement of weld and base 
metal due to elevated temperature 
aging, and (3) stress-corrosion cracking 
resulting from high stresses and contact 
with a chlorinated hydrocarbon at 
elevated temperatures. 

To determine if embrittlement had 
occurred due to contamination during 
welding or due to elevated temperature 
aging, bend tests, micro-hardness tests, 
and notched and unnotehed-specimen 
tensile tests were made on weld and 
base material cut from the failed test 
tank. 

Transverse-weld bend tests 
lished a weld-joint minimum bend radius 
of 4.5 to 5.0t. Bend tests run on base 
metal established a minimum bend 


estab- 


Fig. 4 Transverse cracks in fusion welds 


radius of 2.5 to 3t.. These values are 
well within the range normally en- 
countered in this material, in both con- 
ditions. 

Micro-hardness traverses were per- 
formed across several fusion and spot 
welds. No abnormal hardness was dis- 
played by either base metal or welds. 

Notched and unnotched tensile speci- 
mens were prepared from both base 
metal and fusion welded joints. These 
specimens were tested at room tempera- 
ture and at 600° F. The results 
showed no indication of embrittlement 
of either base metal or weld. 

In addition to these tests on material 
cut from the failed tank, to further sub- 
stantiate the conclusion that elevated 
temperature aging had not caused the 
weld cracking, circular patch weld- 
restrained bend specimens of the type 
illustrated in Fig.6 were aged by heat- 
ing in air at 700° F for 3 hr. None of 
these specimens developed cracks. 


Inside Surface 


Inside Surface 


After reviewing the results of the 
bend, hardness and tensile tests on ma- 
terial cut from the tank, and the circular 
patch weld-restrained bend tests on 
material of the same nominal analysis, 
it was concluded that embrittlement 
due either to weld contamination or ele- 
vated temperature aging was not the 
cause for the failures. 
Restrained Bend Tests 

To determine if the 
caused by 


cracks 
corrosion, circular 
patch weld-restrained bend specimens 
in the following three conditions were 
immersed in a chlorinated hydrocarbon 
at 700° F: (1) in the stress-relieved con- 
dition, (2) in a condition in which moder- 
ate induced stresses were present, and 
(3) ina condition in which high induced 
stresses were present. 

The first group of patch 
weld-restrained bend specimens tested 
in chlorinated hydrocarbon at elevated 
temperatures were those same speci- 


were 


stress 


circular 


Microstructure of cracked corner welds 
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Fig. 6 Circular-patch weld restrained-bend specimens 


mens that had been aged at 700° F in 
air. (Induced and residual stresses had 
been partially relieved by the elevated- 
After immer- 
hydrocarbon 


temperature treatment). 
sion in the chlorinated 
solution for three hours at 700° F; all 
of the specimens cracked. The cracks 
which developed showed a tendency to 
follow the direction of rolling, 

Fig. 7. A metallographic 
son was made of the cracks 
specimens 


as shown 
comparli- 
which de- 
veloped in these with the 
cracks which were produced in the test 
tank. It can be seen in Fig. 8 that the 
cracks occurred in both 
were similar, 
Additional tests were 
firmly establish these 
circular-patch weld restrained-bend 
were made. Half of the 
stress relieved, in the 
restraining fixtures, for a minimum of 
1 hr at temperatures ranging from 
1050° to 1300° F. The other half of the 
specimens stress relieved in the 
as-welded condition to remove residual 
to welding. High stresses 


CaSCS 


which 


made to more 
results. New 


specimens 


specimens were 


was 


stresses due 


Test Tank, 200 X 


were then induced in these latter speci- 
mens by placing them in the restraining 


fixtures 
then 


All 
immersed 
carbon solution at 700° F 


the specimens 


wert 
chlorinated hvydro- 
for 3 hr. 


None of the stress-relieved specimens 


developed cracks, 


but all of the 


speci- 


mens containing induced stresses failed 


In addition to these 


tests on circular- 


patch weld specimens, base-metal speci- 


mens 
elevated 


were 


N.A.A. 
tested 


were 
chlorinated 


run 
laboratory 


None of 


restrained 
hydrocarbon 
temperatures. 

both 


ot 


those 

failed. 
at the 
veloped cracks. 


specimens 
Half of the 
producer's laboratory ck - 


and tested in 
solution at 
These tests 
and at the 
producer, 
tested at 
specimens 


N.A.A. 
titanium 


Analysis of Restrained Bend Test 
The following factors were taken into 


account 


analyzing the 


results of the 


specimens tested in chlorinated hydro- 


carbon 
tures 


of 


solution 
thre 
taining three ley 


at elevated 
tvpes of 
els of stress were tested. 


tempera- 


specimens con- 


Fig. 7 Cracked circular-patch weld 


The circular-patc! weld specimens 
h had been stress relieved in the re- 
contained the mini- 
amount of induced stress. None 
circular-patch 
placed in 


stress re- 


whi 
straining fixtures 
mum 
of these cracked. The 
weld specimens which were 
alter 
sidual welding stresses, 
iximum amount of in- 

if these cracked. The 
the welded patch 
which 


the restraining fixtures 


lief to remove 1 
ined the m: 
dues Al 
stiffening provided by 


alized 


cont 


created high 1o stresses 


were not present in the restrained base 
metal specimens. Therefore, these lat- 
ter specimens contained an intermediate 
amount of luced stress. Approxi- 
mately 25% of the cracked. 

After reviewing results of all tests 
it was concluded that the chlorinated 
was directly re- 

the failure of the test 
a correlation appeared to 
stress level and the 


hydrocarbon solution 
sponsible for 
tank. Since 


exist between the 


Circular-Patch Weld. 200 X 


Fig. 8 Microstructure of cracked welds in tank and circular-patch welds 
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susceptibility to cracking, it was decided 
that the failure 
directly corrosion 
cracking. 

Discussion on Various Test Media 


mechanism of was 


related to 


stress 


The exact mechanism of failure is not 
known, but it seems likely that the free 
HCL present in the chlorinated hydro- 
alter prolonged heat- 
The solution used 


carbon solution 
ing, is responsible 
in testing was found to contain 0.017% 
free HCL. It has been reported that a 
10° aqueous solution of HCL at 95° 

causes stress-corrosion cracking of ti- 
tanium stressed to 90°; vield strength. 
In this work the cracks were found to 
follow long stringers of intergranular 
beta phase. In the work reported in 
this paper the cracks did not appear to 
be related to the microstructure. In 
they transgranular 
reason for the pronounced tend- 


most were 


The 


cases 


ency of the cracks to follow the diree- 
tion of rolling has not been determined. 

Because of the severity of the failure 
of this tank it was deemed advisable to 
investigate whether or not other fluids, 
used in both missile fuel and hydraulic 
systems, might have a similar effect on 
titanium weldments. 

In this portion of the investigation 
base-metal and 
containing weld joints were subjected to 
various levels of induced stress and ex- 
posed to various fluids at elevated tem- 
peratures. Specimens of all of the com- 
mercially available alloys in both sheet 
and bar stock were tested. None of the 
specimens developed cracks, and it was 
therefore concluded that stress-corrosion 
cracking of the type that caused the 
failure of the test tank would not be 
encountered in the application of ti- 
tanium alloys to missile use. 


specimens specimens 


Conclusion 


While the work covered in this paper 
showed that (1) the tank failure was 
caused by a medium which would not 
come in contact with titanium com- 
ponents during the service life of a mis- 
sile, and (2) fluids which will come in 
contact with missile components do not 
produce a similar type of failure, the 
significance of these data is not limited 
to this particular application. 

Titanium is often selected in applica- 
tions which require a metal with excel- 
lent This 
points out that, while the resistance of 
titanium to normal corrosion by a par- 
if high 
stresses are present in the structure, the 


corrosion resistance. work 


ticular medium may be good 


susceptibility to stress-corrosion crack- 
ing should be investigated. 


RESULTS OF SOME BRITTLE FRACTURE TESTS 


lap welds. Low-hvdrogen electrodes 
in. diam were used to avoid 


shrinkage 


and 5/3 
cracks. Measurements of 
stresses showed 14,000 psi tension at 
the center, 21,000 psi radial 
in the weld, 28,500 psi maximum radial 
tension in the ring several inches out- 
side the weld, and a maximum tangen- 
43,000 psi, which 


tension 


tial tensile stress of 
was found in the weld. 
(a) A specimen was prepared using 
CECM20 for patch and ring with a 
milled notch at the center of the patch, 
and was cooled uniformly to —54° F. 
A hammer blow at the center caused no 
cracks. A hammer blow on the weld 
caused a few tiny cracks. Another 
specimen was prepared with an arti- 
ficial defect welded into the weld. 
Cooling the defect locally to —54° F 
caused long cracks in three directions. 
The temperatures at the ends of the 
cracks from tempera- 
ture distribution studies to be —S° F 
for the radial crack and —6 and —26° 
I for the other cracks. A reduction in 
thickness of 2.5 to 3.0°7 was measured 
at the ends of the cracks. The cracks 


were estimated 


curved toward compression zones. Al- 
though the thermal tensile 
created by the liquid air were super- 
posed on the residual stresses due to 
welding, the fact that the cracks 
stopped at temperatures lower than the 
Robertson temperature meant that they 
entered compression regions. 

(b) This was similar to (a) but with- 
out milled notch. Cooling with liquid 
air caused a small crack at the artificial 
defect without a hammer blow. The 
stopping temperature was +27° F. 
A light tap with a hammer caused three 
long cracks. The stopping tempera- 
ture was +18° F for the radial crack 
and +18 and —6° F for the other 
cracks. The reduction thickness 
was 5 to 7% for the +18° F cracks and 
1.8% for the —6° F crack. One crack 
followed a saw-tooth path, and the axis 
of the chevrons was closer to one 
surface of the plate than the other. 
The pattern of shrinkage stresses was 
believed to be eccentric. 

c) This specimen made of 
JSC25 with an artificial defect welded 
into the center of the patch after the 


stresses 


was 


Table 2—Biaxial-Stress Tests on CECM20 Steel 


Tupe of corner 
Sharp 

Welded, rounded 
Sharp 
Sharp + 
Sharp 
Sharp notch (with crack stoppers) 
Welded, rounded noteh 

Rounded + notch 


crack stoppers 
notch 
notch 


temperature, 


Test Fracture 


Type of stress, 
fracture psi 

202 brittle 6S, 500 
brittle 52,000 
brittle 65,000 
brittle 15,500 
brittle 14,000 
brittle 17,000 
ductile $2,000 
ductile 14,000 
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Fig. 2. Cross-shaped specimen for bi- 
axial stress tests 


patch was butt welded to the ring. 
After the specimen had been cooled 
uniformly to —13° F, 
on the artificial defect caused 
only 48 


a hammer blow 
i erack 
; in. long which stopped in a 
region of high-tensile residual 
Later local cooling caused another longer 
crack that spread across the ring into 
the compression zone. The 
temperature was —22° F. 
(d) The ring was CE M20 while the 
patch was made of steel LF20 having a 
Charpy V-transition temperature of 
+64° F. The patch was butt welded 
to the ring after an artificial defect had 
been welded into the center of the patch. 


stress 


stopping 


(Continued on page 428-s 
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THE EXPERIMENTAL DETERMINATION OF 
BONDING TEMPERATURE 


Graphic method used to determine the bonding 


temperature for three filler alloys 


Introduction 
The temperatures encountered when 
joining parent materials with lower 
melting filler alloys have been a matter 
In partic- 
ular, this question has been the subject 
of debate in the International Institute 
of Welding’s Subcommittee on Brazing 


and Surfacing 


of conjecture for some time 


Definition and Theory 

In Europe, two concepts are in current 
use relative to defining base metal 
temperature. In France, the term 
“wetting temperature’ is employed 
whereas ‘‘working temperature’’ is the 
terminology used in Germany. 

Working temperature is defined as the 
minimum temperature which must be 
attained at the surface of contact be- 
tween the base metal and the molten 
filler metal in order that the filler alloy 
can spread, flow and bond with the base 
metal. 

Wetting temperature is the tempera- 
ture to which the base metal must be 
raised in order that the molten filler 
metal can then wet the base metal L.e., 
spread, flow and bond with the base 
metal. This temperature is a function 
of the filler alloy, the base metal and 
the mode of operating technique. 

The two temperatures are measured 
on the base metal. The essential dis- 
tinguishing feature is that the wetting 
temperature is measured before the 
molten filler alloy enters into con- 
tact with the base metal, whereas the 
working temperature is measured after 
this contact has taken place. The 
filler metal has at this point imparted 
heat to the base metal 

The working temperature inde- 
pendent of the base metal: it is a 
characteristic of the filler alloy. It is 
higher than the solidus of the filler 
metal and may be equal to the liquidus 
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Fig. 1 Temperature variation during brazing 


The temperature noted at the moment when the front of the bead is just going to touch the 


thermocouple is the bonding temperature. 


a—direction of brazing 
b—temperature 


or slightly lower or higher than the 
latter depending on the filler metal 
involved. 

In the case of a silver bearing copper- 
zinc-nickel filler alloy the working tem- 
perature isabout 1650° F. The wetting 
temperature depends on the filler alloy 
the base metal and the operating 
method: it is characteristic for the Op- 
eration of brazing as a whole In 
general, it is Jower than the liquidus of 
the filler metal. The wetting tempera- 
ture may be comprised between certain 
limits; the lower limit corresponds to 
the minimum temperature at which a 
bond will still be obtained, whereas the 
upper limit corresponds to the working 
temperature. 

The concept of “bonding temperature” 
is of next importance. It is defined as 
the lowest temperature to which the bas« 
metal must be raised in order to obtain a 
bond with the molten filler metal. In 
general, it is lower than the solidus of 
the filler alloy. When linked together, 
the concepts of wetting and bonding 
temperature make it apparent that the 


Bonding Temperature 


c—bonding temperature 
d—thermocouple 


bond temperature is no other than 
the lower limit of the wetting tempera- 
ture This conclusion is of the utmost 


importance since the bonding tempera- 
ture is no other than the lower limitof the 
wetting temperature. This conclusion 
is of the utmost importance since the 
bonding temperature and the lower 
limit of the wetting temperature are 
identical, it follows that the notion of 
bonding temperature is entirely justi- 
hed 

Naturally the conc pt of bonding 
temperature identified as the lower 
limit of the wetting temperature, can- 
not be applied to every type of opera- 
tion. Capillary brazing is made at the 
working temperature; ie., above the 


solidus of the fil 


ler material 
In the case of braze welding and sur- 
facing, on the contrary, the bonding 
temperature takes on its full signifi- 


cance It tells the welder to what 


temperature he must heat the base 
metal at the joint in order that the 


filler metal can bond 
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Fig.2 Base-metal plate showing location of thermocouple 


a—direction of brazing 


Test Methods and Equipment 

The bonding temperatures for various 
filler metals and the base metals have 
been checked recently at the request of 
the International Institute of Welding’s 
Subcommittee on Brazing and = Sur- 
facing. The problem involved is that of 
depositing a bead of filler metal on the 
base metal and simultaneously recording 
the temperature in the base metal at a 
given point along the bead. 

Assume that the base metal consists 
of an x S-in. square plate x 3/39 in. 
thick on which a filler metal bead is 
deposited from right to left. If a 
thermocouple is mounted on the sur- 
face of the plate in the middle of the 
bead, the graph obtained will show the 
variations in temperature in the middle 
of the bead throughout the brazing 
process, as shown in Fig l. 

It is known that the temperature dis- 
tribution around the point where braz- 
ing takes place remains practically con- 
stant during the brazing operation, the 
temperature curve moving forward at 
the same rate as the brazing point. It 
follows that the temperature graph 
thus obtained also represents the 
variation in temperature, at a given 
moment, depending 
on the distance from the thermocouple 
to the brazing point 

The shape of the graph illustrated in 
Fig. 1 is extremely interesting because it 
shows that the highest temperature at 
the thermocouple is not reached at the 
moment when the front of the bead 
touches the thermocouple, but later. 
The temperature registered at the 
moment when the front of the bead is 
just going to touch the thermocouple is, 
by definition, the bonding temperature. 

Temperature measurements were 
made with Ni/Cr-Ni thermocouple 
calibrated by means of the usual fixed 
points up to a temperature of 1650° F. 


along the axis, 
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The base metal used was mild steel 
shaped into square plates 8 x 8 in. 
thick. In the middle of the plates, 
two holes of the same diameters as the 
thermocouple wires were drilled astride 
the bead axis; the distance between the 
holes being °/s; in. (measured at the 
axes). After being inserted in the 
holes, the wires were crimped in posi- 
tion and filed down level with the plate 
(Fig. 2). 

To simultaneously record the three 
measurements involved—time, tem- 
perature and distance from thermo- 
couple to front of bead—two methods 
were used. A photographic procedure 
was employed which involves photo- 
graphing the base metal plate, a 
chronometer and the instrument show- 
ing the voltage of the thermocouple all 


&> 


c 


Fig.3 Photographic method 


Sketch showing arrangement of instruments. 


a—base-metal plate with bead of filler meta 
b—thermocouple connections 
c—millivoltmeter e—prism 


d—chronometer f—camera 


together on the same negative while 
the bead is being deposited. 

The layout adopted for the instru- 
ments is shown in Fig. 3 while Fig. 4 
shows an image obtained in this way 
Although filters and compensating de- 
veloper baths were used to eliminate 
halo in front of the pool of filler metal 
as far as possible, difficulty was expe- 
rienced in determining the position of 
the forward end of the bead with the 
required accuracy. We consequently 
found it necessary to use another method 
of measurement. 

A second method utilized for time, 
temperature and distance measurements 
during bead deposition was by graphic 
means. A transparent horizontal screen 
is displaced in a direction parallel to the 
bead of filler metal by using an observa- 


HABICHT 


Fig. 4 


Bonding Temperature 


Image registered by photographic method 


WELDING RESEARCH SUPPLEMENT 


3 3/32" 
AAAS 
a = 7 
QOH 
\ 
™ 


Table 1—Analyses of Filter Materials 


Zn 
10.50 


Bonding 
nper 
approx, 5 Oo O49 52 162] 1451 
approx, 5 0 049 5 1368 
approx, 5 0 0625 3 1053 


Fig. 5 Graphic method showing lay- 


out of instruments Table 3—Lower Limit 


a—dolly with screen and observation glass 
b—bead of filler metal tx 
c—galvanometer 


idus, Worl 


d—spot f—lamp 
e—ruler g—pencil 


tion glass with reticule fastened to the 

screen in order to coordinate the two In this way, by following the spot witl position « e thermocouple is plotted 
movements. The voltage from the a pencil, the graph of the voltage varia- paper before the graph is drawn 
thermocoupl Is applied to a murror tions in the the rmocouple, or in othe r I he graphi method described, the 
galvanometer, the spot from which is words the temperature graph, is drawn variation in temperature and therefore 


projected onto the same screen, where it directly as the bead advances. Simul- n the thermoelectrie current by which 


moves up and down perpendicularly to taneous registration of time is ob- nu er extremely rapid. It 


the direction of movement of the tained by imparting a synchronized to- \ onsequently found necessary to 

screen (Figs. 5 and 6) and-fro movement to a peneil, which will ( readings indicated by the 
thus trace out a succession of sin galvanometer, which lagged slightly 
waves as the screen moves forward behin e phenomena Briefly, the 
In this manner the observer is able to angular movement of a measuring de- 
follow a well-determined point on the vice is expressed by the equation: 
bead closely, allowing the relationship 
between temperature and bead trave! W 

to be established with the greatest ac- 


euracy i 

quantity 

of displacement 
front of the pool of filler metal, 1.e., on the time and 

the most advanced point reached by tants pertaining to the 


] 


the molten filler metal in the direction 
in which the bead Is deposited The fol A i t greater are the 


Sighting was always done on thi 


Fig. 6 Graphic method—view of 
layout adopted 


Fig. 7 Bead of filler metal deposited Fig. 8 Wetting angle 
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100 SO 100 mm 


Fig.9 Graphs showing temperature as taken down 
directly (1) and after correction (2): alloy No. 1 (see 
Table 1) on iron 


Maximum temperature 1634” F 
Bonding temperature 1445° F 


speed and acceleration, the higher is the terials used in this investigation 

amount of correction that must be The base metal used for all tests was 

applied, expressed by the term: S- x S- x 3/y-in. thick SAE 1010 mild 
stecl plate stock. 


Test Results 
The experiments were carried out 
under the conditions encountered in 
practice. The bead deposited is illus- 
, trated in Fig. 7. The bond between 
Materials Employed the base metal and filler material was 
Bonding temperature tests were run excellent, the wetting angle being not 
using three different alloy systems for greater than 35° as indicated in Fig. 8 
filler materials. The fluxes employed Figure 9 shows an example of the 
for each alloy system were specifically temperature graph as plotted directly 
designed for each filler material. Table and also the corrected graph 
| shows the analyses of the filler ma- Table 2 shows the mean readings ob- 


This correction has been done in the 
case of all the graphs drawn, by means of 
avery rapid method ot graphical deriva- 
tion 


tained with the three alloy systems 
tested. The results prove conclusively 
that the bonding temperature is con- 
siderably lower than the solidus and 
liquidus of each particular filler alloy 
tested, 

Other experiments have produced 
results similar to those obtained by us 
Thus, J. Colbus (Germany) for instance 
obtained the results reported in Table 
3 for the lower limit of the wetting tem- 
perature in braze welding, i.e., for th 
bonding temperature according to our 
definition, 

in this connection, it is appropriate 
to mention briefly the importance of the 
flux used since only a flux of the correct 
chemical composition will insure a 
perfect bond at the bonding tempera- 
ture. Moreover, recent « xperiments 
have shown that the spreading of the 
filler metal can be improved substan- 
tially by as much as fifty percent by 
adding appropriate active substances 
The significance of this fact as far as 
the practical technique of brazing is 
concerned is evident. 


Conclusions 


By using high quality filler alloys 
and fluxes, it is possible to join metals 
without heating them to the wetting 
temperature of the filler metal. It is 
sufficient to heat the base metal to the 
bonding temperature. 

The bonding temperature is the lowest 
temperature to which the base metal 
must be raised in order to obtain a 
bond with the molten filler metal. 

The bonding temperatures can be 
measured with a sufficient degree of 
accuracy by means of the graphic 
method described in this test. In the 
case of the three alloys studied, it was 
ascertained that the bonding tempera- 
ture is considerably lower than the 
solidus of the filler metal. 


Correction: 


“4 Comparative Study of Thoriated, 


by L. P. Winsor and R. R. Turk 


‘he lwo illustrations have erroneously been interchanged. 


“Fig. 2. Percent successful starts—flal-ended electrodes, touch startling.” 


Zirconialed and Pure Tungsten Electrodes” 


On page 113-s of the March 1957 issue of Tue Wevpinc Journar, Research Supplement, the graphs for 


The illustration labeled Fig. 2 in the paper should actually carry the caplion “Fig. 1. Percent successful 
slarls—flat-ended electrodes, high-frequency startling.” The illustration labeled Fig. 1 should carry the caption 
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for spot welding of one-half hard yellow brass 


Material Welded 

The scope ol this paper is limited to the 
spot welding of one-half hard yellow 
brass: 659% copper, 35° zine. This 
brass has an ultimate tensile strength 
of 61,000 psi, and a hardness of Rock- 
well B57-74. It has twice the thermal 
conductivity and more than twice the 
electrical conductivity of 1010. steel. 
Other properties which made it a 
desirable material are the ease of solder- 
ing and silver brazing and its nonmag- 
netic properties The work was limited 
to five material thicknesses: 0.032, 
0.050, 0.064, 0.094 and 0.125 in. Both 
equal thickness and unequal thickness 
combinations were welded. 


Equipment 
The machine used was a 200-kva 
single-phase, air-operated, press-type 


spot welder, which has a maximum short- 
circuit secondary current of 60,000 amp 
at 14.7 volts. 
and down slope control, a dual pressure 


It is equipped with an up 


system with forge control and a S3H 
welding control (Fig. | 

Schedules similar to those recom- 
mended have been established on 75- 


kva and 150-kva single-phase welders. 


Cleaning Prior to Welding 

Surface cleanliness is important for 
spot welding brass. Very poor con- 
sistency and appearance are obtained 
when the brass is not cleaned 

Kither chemical cleaning or wire 
brushing is satisfactory. Strength con- 
sistency, nugget shape, and tip pickup 
were equivalent with either cleaning 
method. The chemical cleaning cvcle 
consisted of four steps: 


1. Remove all oil and grease by 
vapor degreasing. 
2. Immerse for five to ten seconds in 


acid solution of two parts of sul- 
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furie acid and one part of nitric 


acid to remove oxides. 


3. Rinse immediately in cold water. 
1. Rinse in hot water and dry with 


an air blast 


The surface resistivity of brass, unlike 


that of aluminum, is not much effected 


by hot water. 


The wire brushing was accomplished 


with a fine stainless-steel brush. 


The comparison of surface resistivity 


was made on the microhm meter shown 


in Fig. 2. The brass was easil cleaned 


to two microhms of surface resistivity 


The resistivitv builds up verv slowly 


and, after four weeks, the maximum 


reading obtained was 115 microhms 


Due to normal shop dirt and oil aceumu- 


lation, it is recommended that the brass 


he welded within 48 hours after cleaning 


Fig. 1 


200-kva_ single-phase 
operated press-type spot welder 


65-35 Brass 
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air- 


Sole menuns naterial protection 
should be rovided after cleaning and 


Recommendations were received 
which called for the use of Group A 
Class I, Group A Class II, and Group B 
Class 11 electrodes. The Class I elec- 
mmended to withstand 


the high current density required to 
weld brass. Group B Class 11 electrodes 
| for hardness and the 


reneratiol I heat in the vicinity 
of the brass. Class II electrodes were 
recommended as a commonly used com- 


All three electrode materials were 
evaluated and satisfactory welds were 
made with the three materials. Very 
Ss appeared in the 


jo 


Fig. 2. Surface resistance meter 


Two pieces of yellow brass are placed between 
two 4-in. spherical-radius-domed electrodes. A 
force of 1000 lb is applied to the electrodes. 
The meter current leads are attached to the 
electrodes. The voltage leads have pointed 
probes for electrical connection to the brass 
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Fig. 3 Electrode material effect 


Two pieces of 0.032-thick yellow brass. ° ‘s-in. 
diam electrodes were used. One electrode 
had a 3-in. spherical-radius dome and the 
other electrode was flat faced. Two spots are 
shown for each electrode material. (A) Group 
B, Class 11 material faced electrodes, (B) Group 
A Class Il electrodes, (C) Group A Class | elec- 
trodes. 

Etch: 2 parts Nitric Acid and | part Acetic Acid. 


nugget shape and position as shown in 
Fig. 3. Electrode force and welding 
time were maintained constant. The 
welding current was varied to produce 
welds with equivalent tensile shear 
strength. A slender nugget with little 
penetration was produced with the 
Group A Class I electrodes. A uniform 
football-shaped nugget with about 60° 
penetration was obtained with the 
Group A Class II electrodes. The Group 
B, Class 11 Elkonite electrodes produced 
a nugget with excessive penetration. 

One other consideration which con- 
tributes to the choice of the electrode 
material is the number of spot welds 
which can be produced between tip 
cleanings. With each of the electrode 
materials, slight tacking occurred on 
the first three or four spots after dress- 
ing the electrodes. In each case, the 
tacking disappeared after a few spots 
were made, and no additional tacking 
or tip pickup occurred. Several hun- 
dred spot welds can be made between tip 
dressings. The only reason for dressing 
the electrodes was to retain the elec- 
trode shape. Therefore, a hard material 
should be used to limit the electrode 
deformation. Since the Group B, Class 
11 electrode produced excessive penetra- 
tion, it is recommended the Group A 
Class IIT material be used for electrodes. 

In all cases, one flat electrode and one 
domed electrode were used. three- 
inch radius dome was used on the 42 
Morse taper electrodes, and a six-inch 
radius dome was used on the 43 Morse 
taper electrodes. A flat electrode is 
used in order to produce as smooth an 
appearance as possible on one surface 
of the work. 

It is noted that when one flat electrode 
and one domed electrode are used, a 
slight curling of the weld nugget occurs. 
The curl is in the same direction as the 
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TENSILE SHEAR VALUES POUNDS 


(BRASS 65-35 .050 THICK) 
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Fig. 4 Time vs. tensile-shear values at various pressures and max current at this 


pressure 


dome on the domed electrode. This 
curling of the weld nugget becomes even 
more prevalent when combinations of 
unequal thickness are welded. 


Welding Time 

Time determination can be obtained 
from a curve of time vs. tensile-shear 
values. Various combinations of time 
and electrode force were used for each 
thickness combination to produce maxXi- 
mum tensile values without expulsion. 
Curves at the various electrode forces 
and time were plotted for each thickness 
under consideration. Figure 4 is a 
typical illustration showing time vs. 
tensile-shear values. 

The slope of these curves shows a 
pronounced change from a steep slope 
for short-time welds to a relatively flat 


Fig. 5 Time effect 


Two pieces of 0.032-thick material. Equivalent 
tensile-shear averages are produced at welding 
times of (A) 2 cycles, (B) 4 cycles, (C) 6 cycles, 
(D) 10 cycles, (E) 16 cycles. No change in 
nugget shape occurs even though the time 
changed 800%. 

Etch: 3 Parts Nitric Acid and | part Acetic Acid. 
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slope for a longer welding time. The 
knee in the curves appears at approxi- 
mately the same weld time for each 
pressure. 

If a short time is used, work will be 
on the steep portion of the curve, and 
poor consistency will result. Thus, the 
recommended time for each of the thick- 
nesses will be the shortest time practi- 
cable beyond the knee of the curve. 

The recommended time for each of 
the thicknesses is as follows: six cycles 
for 0.032, eight cevcles for 0.050, ten 
evcles for 0.064, fourteen cycles for 
0.094 and sixteen cycles for 0.125. 

An attempt was made to find the 
effect of time on the nugget shape. The 
two constants maintained were the 
electrode force and the average tensile 
shear values. The welding current was 
changed with the welding time to 
produce equivalent tensile shear values. 
Times of two, four, six, ten, and sixteen 
eyeles were used on 0.032-0.032 thick 
material. Figure 5 shows almost no 
change in the shape of the nugget, 
even though the time changed S00°;. 


Electrode Force 

The nature of electronic 
requires that a limit be set for the maxi- 
mum allowable electrode force. Elec- 
tronic components and small chassis 
result in difficult welding positions. 
Offset holders and offset electrodes are 
common requirements. 

Several electrode forces were used 
for each material thickness combination. 
It was found that a large range of 
electrode forces could be used which 
would produce satisfactory results. At 
a low electrode force, a longer time at a 
lower current setting was necessary to 
produce results equivalent to those of 
high electrode force. The maximum 
current used in each case was just below 
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Fig. 6 Pressure effect 


Two pieces of 0.064-thick stock. Equivalent 
tensile-shear averages are produced with 
pressures varying from (A) 1200 Ib, (B) 1000 Ib, 
(C) 800 Ib to (D) 600 Ib. 

Etch: 3 parts Nitric Acid and | part Acetic Acid. 


the current which would cause expul- 
sion. 

Spot welds were made at different 
electrode forces to produce equivalent 
tensile-shear specimens. Welding time 
was held constant while welding current 
was decreased as the electrode force was 
decreased, thus producing equal tensile- 
shear specimens. The effect of force is 
shown in the degree of penetration. 
This is illustrated in Fig. 6. The weld 
diameter stays relatively constant, as 
do the tensile-shear values. The pene- 
tration changes from 41° at 1200 Ib to 
61% penetration at 600 Ib of electrode 
force on 0.064-0.064 thick brass. Thus, 
higher electrode forces will produce less 
penetration for equivalent strengths. 

The foree that was selected and 
recommended in the welding schedule is 
the lowest force which would produce 
void-free welds with good strength 
consistency. 

Sheet separation was observed in all 
combinations. The only combination 
which appeared to present sheet 
separation problem 0.125-0.125 
brass. Two thousand pounds of elec- 
trode force were required to produce less 
than 5% sheet separation. 


Welding Current 

The high electrical and thermal con- 
ductivity of 65-35 brass requires that 
high welding currents be used to pro- 
duce a weld. Currents recommended 
for the various thickness combinations 
are shown in Table 4. The welding 
current that can be used before expul- 
sion depends on the electrode force with 
little regard to the time of current flow. 
When welding two equal thicknesses of 
0.032-in. material, approximately 20,400 
amp can be used with 400 |b of electrode 
force; 23,500 amp can be used with 600 
lb of electrode force; 26,400 amp of 
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Table 1—Welding Current Variations 


(.064-in. thick to .064-in. thick 


Welding time 
Slope time 
Initial current 
pressure 


Welding 

current. Tensile-shear 

amp alue (Consistency 
18.000 0 

IS. 500 600 +155-14% 
20,700 1020 1-807 190 
22 400 1313 1.907 —4¢ 
25,900 1505 -3% 
*27 200 1650 


Hard 

8 eveles 

eveles 

10) of final current 

SOU 

Etch Pe 

nugget nugget Percent 
lian penetration 

0 0 0 

0 145 QO 100 31% 
0.185 loo 
0.210 0.200 17°) 
0 240 0. 235 61% 
0.255 0. 260 75‘ 


* 


expulsion occurred 


current can be used with SOO Ib of 
electrode force. The current which may 
be used for two equal thicknesses of 
0.125 material varies from 30,700 amp at 
1200 |b of electrode force to $3,200 amp 
at 2000 lb of electrode force. 

The effect of current on the shape and 
size of the weld nugget is shown in Fig. 
7. The welds shown are made in two 
pieces of 0.064-in. thick stock using three 
cycles of slope and eight cycles of weld 
time, and an electrode foree of SOO Ib 
with currents varying from 18,500 amp 
to 27,200 amp. The ratio of weld 
diameter to depth of penetration stays 
relatively constant. Table 1 lists sev- 
eral welding current values, with average 
tensile-shear values obtained, consist- 
ency of tensile-shear strength, etch 
diameter, peel diameter and _ percent 
penetration. Welding current above 
26,000 amp produced expulsion. 


Slope Control 

30th up and down slope controls on 
the current were attempted. The 
method of evaluating the effect of slope 
control was by the tensile-shear strength 
consistency of the spot welds, by the 
tip pickup, and by the expulsion. 
Various values of slope time and current 


were used. 

As described under the comments on 
the effect of welding current, there 
appears to be a maximum current that 
can be used for each thickness at a 
given electrode force, regardless of the 
length of time. This also applies when 
slope is used. However, the current 
used can be about four percent higher 
with slope than without. Also, result- 
ing tensile-shear values before expulsion 
are higher when slope is used. 

To determine the optimum slope 
setting, initial currents of 20 to 100° 
of the welding current were used. The 
tensile-shear values became more con 
sistent and the nugget shape became 
more uniform as the initial current was 
decreased from 100 to 40°% of the final 
welding current. Further decrease of 
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the initial current produced no notice- 
able improvement 

Various up slope times ol three to 
fifteen cycles were used \ short slope 
time was better than no slope. How- 
ever, increasing the slope time beyond 
three cycles did not have any advanta- 
geous effect. When a long time slope 
was used, either a higher current or a 
longer time was required to produce 
results equivalent to the three-cyele 


slope 


Fig. 7 Current effect 


Two pieces of 0.064-thick stock welded at 800- 
Ib electrode force; 8-cycles weld time; 3-cycles 
of slope with initial current 40% of final cur- 
rents; welding current varies from 18,500 amp 
to 27,200 amp. The ratio of weld diameter to 
penetration stays relatively constant. 

Etch: 3 parts Nitric Acid and | part Acetic Acid. 
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Fig. 8 Ductility test samples 


Two pieces of 0.064-thick yellow brass. A ' 
removed from the spot weld. The sections 
bend around a ° «-in. radius. 


s-in. wide section has been 
have withstood a 90% 


Fig. 9 Edge bulge cracks 


Etch: 3 parts Nitric Acid (HNO) and 1 part Acetic Acid (CH;-COOH). 


The use of a down slope did not appear 
to improve the tensile-shear strength or 
Thus, it is not 
recommended that down slope be used 


the nugget shape. 
in anv of the welding schedules 

Up slope was used forall combinations, 
Three cycles of slope time with an 
initial current of 40°; of the welding 
current was used in all schedules, 


Forge Pressure 

The use of forge pressure did improve 
strength consistency. It would be 
advantageous to use forge 


during the flow of welding current where 


pressure 


straight holders and electrodes can be 
used. However, for electronic-compo- 
nent welding where offset holders and 
offset tips are used, excessive skidding 
occurs. The result is an odd-shaped 
spot weld with excessive distortion. 

Since consistent tensile-shear values 
were obtained without the use of forge, 
the schedules do not call for it. 


Metallurgical and Appearance 
Requirements 

A set of criteria has been established 
The external 
appearance of the weld shall have the 
It should be 
smooth and free of pits, cracks or tip 
pickup 
of metal between the sheets or from the 
surface of the sheet 


for spot welding brass. 
following requirements 
There should be no expulsion 


Bulging or erack- 
ing of the edges should not be present, 
Sheet separation should be kept to a 
minimum and never be in excess of 10° 
of the thinner sheet. Surface indenta- 
tion should be kept to a minimum and 
not allowed to exceed ten percent. of 
the thickness of the sheet in which it 
Occurs, 

Weld penetration and soundness can 
be determined from the etched cross 
sections. A minimum penetration of 
and a maximum penetration of 
SOC) of the original sheet thickness are 


126-s 


required, The welds must be free from 
cracks and essentially free of porosity. 

A ductile weld is desirable and can be 
evaluated by removing a ! yin. wide 
section of the spot weld and bending 
the weld area. The bend should be 
made in the direction of the plane of the 
weld nugget. There was no problem 
in obtaining welds that would withstand 
a 90 degree bend around ¢-in. 
radius. A photograph of some ductile 
test samples is shown in Fig. 5. 


Recommended Minimum Tensile- 
Shear Strength 

The minimum average tensile-shear 
strength was obtained by producing a 
weld with a weld nugget diameter 
equivalent to two times the thickness 
of the thinner material plus ! j¢ in. 


Two pieces of 0.125-thick yellow brass. 
tact overlap produces edge cracks. 


Table 2—Recommended Minimum Re- 

quired Strength Per Weld for Spot 

Weld Shear Specimens for 65-35 
Brass 


Lowest 
average, lb 
20 Spots 3 Spols 


Thickness of 
thinner Lhsolute 
sheel, in. 
0 032 516 182 
0.050 800 748 O40 
0 064 1063 850 
0. 004 [825 L708 1460 
0.125 2925 2735 2340 


Three-quarters of an inch con 


The values are test-produced values 
and not theoretical calculations. 

The tensile-shear test pre dluced a 
true shear of the cast weld nugget itsel! 
in all cases except in the 0.032-in. thick 
sheet. At this thickness, a 
would be pulled from one of the pieces 
rather than the cast weld nugget being 
sheared. 

In a majority of the tests which were 
performed, the consistency of the tensile- 


nugget 


shear values was very good, even for 
different average values. There was 
no difficulty in obtaining consistency 
within plus or minus 10°% of the aver- 
age. This consistency is easy to main- 
tain with '/, hard vellow brass in the 
hardness range of Rockwell B57-65 
It is more difficult to maintain con- 
sistency when welding hard vellow 
brass with a“ hardness above Rockwell 
B65. 

It is required that a satisfactory weld- 
ing schedule shall produce strength 
consistency of plus or minus 10% of the 
average value for 90° of the specimens 
tested and a allowable 
variation of plus or minus 20°% for the 


maximum 


remaining specimens. 

With the use of high electrode forces 
and long welding time, weld nuggets of 
much larger diameter than mentioned 
above were produced. Naturally, the 
tensile-shear values obtained with the 
larger diameter 
higher than the minimum values recom- 


nugget were mucl 


mended. 


Table 3—Recommended Design Practice for Spot Welding Brass 


Thickness of 
thinner sheet, in 
0 032 
050 
0 O64 
0 094 
0.125 


Vin spol 


spacing, in 


Min contact 
rlap, in. 


Vin edae 


distance, in. 


De sign shear 
strength, lb 
if 330 
512 
6SO 
1168 
1872 
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Thickness, in Pressure, lb 
0. 032-0032 600 
600 


050-0. 050 
0 064-4). 064 SOO 
OOO 
0.125 
094-4) 094 L000 
0.125 1200 
0. 125-0. 125 2000 


Hard (Rockwell B57-74 


4, 400 
1O0) 


OO) 


400 
10 10,200 

10) 10.400 26,100 
4 10) 10,600 26,400 
14 10,700 26, 600 
14 12, 400 
lb 17.300 13,000 


Table 2 lists the compiled recom- 
mendations for tensile-shear values. 
It follows very closely a system used by 
the Military Departments for steel 
alloys. The recommended minimum 
average for twenty spots Is the average 
which is obtained by the above method 
of producing a nugget two times the 
thickness of the thinner material plus 


one-sixteenth of an inch. The minimum 


average for three spots (which is the 
normal shop quality control) should be 
6.5% lower than the minimum average 
for twenty spots. The absolute mini- 
mum shall be 20°, lower than the 
minimum average tor twenty spots 
The recommended design strengths 
are listed in Table 38. This design 


strength is SO%, of the absolute mini- 


mum allowable strength of Table 2. 


3600 | 


Contact Overlap and Spot Spacings 


The determination of minimum con- 


tact overlap ind spot spacing Was 
( shed in two wavs. Strips 3 x 
36 in vere welded at various contact 
erlaps and spot spacings Also, to 
Ow close sport spacing tests, two 
neces 1 x 4 in. were elded with two 
spots A saw-cut was then made be- 
tween the spot welds through one prece 


to allow testing ol the second spot only 
\MIore accurate results were obtained 
with this procedure since it was possible 
to use wide coupons to test close spot 


spacing. Results of the spot-spacing 


data are plotted big 10) for O.082 


0.063 and 0.125-in. thick material Also 


noted in Fig. 10 is the tensile-shear value 


obtained for an individual spot weld 
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Fig. 10 Results of spot-spacing tests 
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A piece of 0.032 thick yellow brass welded 
to each of four thicknesse 0.032, 0.064, 
0.094 and 0.125 ir 

Etch: 3 parts Nitric Acid and | part Acetic Acid. 


The nt ted shunting tor hy spot 
spacing he obt ‘ from the curves. 
All of the rves r knee or definite 
change Slope Pha spot 


just above the 


Knee of the curve When welding un- 
equal thickness combinations the mim- 

um spot s ing d be equal to 
the minimum sp g recommended for 


The determination of the 


minimum 
ontact overlap is based on the ability 
of normal shop operators to be able to 
place the electrodes so that no bulging 
¢ sion occurs I curate fixtur- 


ng Is a ible fe ocating the elec- 


trodes, smaller contact overlap may be 


permissible The bulging effect 1s 
replaced by edge ¢ = on the thicker 
gages As show n Fig. 9 In. 
overlap produced an edge crack in 0.125 
materia It even took some caution to 
place a spot weld on one inch wide 
coupons without) producing an edge 
rack 

The minimum recommended — spot 


spacing and contact overlap are listed 


Unequal Thicknesses 

Unequal thicknesses of vellow brass 
an be welded readily of the 
combinations of 0.032. 0.064. 0.094 and 
0.125-in. thick material were welded 
with good success In all cases, the 
minimum shear were governed 
by the thinner member 

In unequal thickness combinations, 
additional consideration = of electrode 
shape is required. As previously stated, 
one flat and one domed electrode were 
used. The domed electrode must be 
placed against the thinne! member 
when unequal thickness combinations 


are welded 


Table 4—Spot-Welding Schedules for 65-35 Brass ' , 
Time (cucle ( rrent, (amp — 
Rise Tota Initial Fina 
0.125 GOO 3 10 22,500 . 
Fig. 11 Unequal thickness combina- ee 
tions 
ee 
tl 
| 
| 
| 
Se 
J 
27 


Macro sections of 0.032-in. welded to 
each of 0.032, 0.064, 0.094 and 0.125-in. 
thick sections are shown in Fig. ll. As 
shown in the schedules of Table 4, it 
tukes less current and a longer time to 
weld the 0.032-in. thick material to 
heavier thicknesses than it does to weld 
it to an identical thickness of 0.032. 


Spot-Welding Schedules 
Recommended spot-welding schedules 
are set up in Table 4 for thickness com- 
binations from 0.032 minimum to 0,125- 
in. maximum. One major requirement 
of the schedule is that by adjusting 
current only, tensile-shear values can be 
attained with at least a 20° higher aver- 
age than the minimum average required 
in Table 2. The schedule should also eall 
for the minimum electrode force which 
will satisfy the tensile-shear values and 
also will satisfv the metallurgical and ap- 


pearance requirements. A similar up 
slope setting is used for all combinations. 
It consists of three cycles of slope time 
with the initial current being 40°7 of 
the final current. 


Conclusions 

1. The hardness range for ' . hard 
yellow brass should be divided into two 
ranges for spot weldabilitv. The hard- 
ness range of Rockwell B65-74 requires 
more closely controlled welding con- 


ditions than the range of Rockwell 
B57-65. 
2. Group A Class II electrode 


material is recommended for the spot 
welding electrode when welding vellow 
brass. 
3. High electrode force will produce 
less penetration than low electrode force. 
4. A short up slope time is recom- 


mended when welding vellow brass. 


A short time of three cycles and an initial 
current of 40° of the final welding 
current is recommended. 

5. Unequal thicknesses as well as 
equal thicknesses of yellow brass can be 


welded with very good consistency. All 
thickness combinations for materials 
0.032, 0.050, 0.064, 0.094 and 0.125 in 
in thickness have been welded during the 
investigation covered in this paper. 

6. Minimum contact overlap, mini- 
mum spot spacing and minimum tensile- 
shear values have been established for 
each thickness of vellow brass. These 
data are of value to the design, manu- 
facturing and quality control depart- 
ments. 

7. Single-phase spot-welding equip- 
ment is applicable for spot welding ! 
hard vellow brass. Spot-welding sched- 
ules have been established for welding 
yellow brass on single-phase equipment 


RESULTS OF SOME BRITTLE FRACTURE TESTS 


The entire assembly was cooled to 
+32° FF. The center was cooled ver\ 
locally to —58° F. A light tap with 
a hammer caused four cracks. The 
stopping temperature in CECM20 was 
+25 to +34° F with a large reduction 
in thickness. 
reduction in thickness along the cracks 
in the patch. 

(e) CECM25 was used for the ring, 
JSC25 for the patch. A hole 4° , in. 
square was made in the center of the 
patch before welding. One corner of 
the hole was cooled to 1° F. A light 
tap with a hammer caused a crack at 
this corner and also at the opposite 
corner, The stopping temperatures 
2° F. The fact that a 
erack occurred at the opposite corner 
was remarkable, illustrated the 
a erack starting without 
direct cause. A second specimen made 
entirely of JSC25 was tested. Spon- 
taneous cracks occurred at the corner 
when the temperature was lowered to 


There was absolutely no 


were +3 and 


possibility of 


54° F, the stopping temperature being 
+25° F. Cooling the opposite corner 
also caused a spontaneous crack with a 
stopping temperature of +32°  F. 
Liquid air then was poured over the 
entire specimen. After a few minutes 
the existing cracks spontaneously prop- 
agated. The temperatures 
were +23° F for the longest crack and 

ll and — 26° F for the shorter cracks. 

(f) This specimen was 
CECM20 with an 


stopping 


artificial defect 


{28-s 


made of 


welded in the center of the patch be- 
fore it 
Measurements showed compression in 
the outer surface of the patch due to 
welding distortion. After the assembly 
was cooled to +14° F, the central de- 
fect was cooled locally. Two sponta- 
neous cracks occurred and stopped in 
the patch, the stopping temperatures 
being +3 and —24°F. Further cooling 
of the defect caused the cracks to start 
anew, stopping in the outer ring at 
+18 to +5° F. The chevrons were 
eccentric. The lap joint did not set 
as a crack stopper. 

(g) A specimen made of CEC\M20 
with an artificial defect was stress re- 
lieved at 1200° F. The defect was 
cooled locally, but it required a violent 
hammer blow to cause a very small 
crack. Another stress-relieved 
men could not be cracked. The defect 
was heated locally to reintroduce shrink- 
age stress, after which local cooling 


was lap welded to the ring. 


speci- 


with liquid air created a spontaneous 
crack. 

These restrained-patch tests showed 
the ease with which cracks can be 
started when residual stresses are high. 
The artificial defect and particularly 
the square hole with sharp corners are 
excellent crack starters. Brittle frac- 
tures were observed in all steels starting 
at temperatures lower than the Charpy 
V-transition temperature for 15 ft-lb, 
but of the same order. The starting 
temperatures were lower than those 
65-35 Brass 


Mills, Wolfe 


(Continued from page 418-s) 


SHARP NOTCH 
ANGLE 
ARTIFICIAL 
ROUNDED DEFECT 


Fig. 3. Types of corners for biaxial 
stress tests of cross-shaped specimens 


ever to be expected outdoors in Bel- 
gium. The stopping temperature was 
generally lower than the Robertson- 
arrest temperature. 


Cross-Shaped Specimens 

The cross-shaped specimen is shown 
in Fig. 2. The width of each branch 
of the cross was 8 in. 
of hydraulic jacks 
stress on the specimen. 

(a) A series of tests on specimens 
of CECM20 is summarized in Table 2. 
Fracture changed from ductile to brittle 
between 13 and —22° F, in good 
agreement with the Charpy V-15 ft-lb 
transition temperature. The notch was 
not very sharp at the root and had a 
stress-concentration factor of about 
1.5. The notch therefore lowered the 


Opposed sets 


exerted — biaxial 


(Continued on page 432-s) 
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EFFECT OF PLASTIC FATIGUE ON PRESSURE- 
VESSEL MATERIALS AND DESIGN 


DISCUSSION BY J. J. MURPHY AND D. B. ROSSHEIM 


The pressure vessel industry and many 
individuals concerned with 
equipment design welcome the Report 
of the Coordinating Committee on 
Plastic Fatigue Strength of the PVRC 
Fabrication Division, which is so ably 
presented by the author in this paper. 

Our comments are offered to stimu- 


pressure 


late further study and analysis in the 
preparation of a final report and are 
organized under three headings, namely 
(1) Correlation of Fatigue Data with 
Tensile Properties, (Il) Specific Com- 
Author’s Presentation 
Work on Cvyelie 


ments on the 
and (IIT) Future 


1. Correlation of Fatigue Data with 
Tensile Properties 

The author concludes that a large 
number of attempted correlations with 
various material tensile properties have 
failed to establish a valid basis for re- 
lating the fatigue properties of the Code 
accepted materials. It is mentioned 
that a literature survey was conducted 
to review available data relating ten- 
sile properties with fatigue life, the 
results of which are plotted in Fig. 4 
which is restricted to machined and 
polished This figure in- 
dicates a close direct relationship with 


specimens. 
tensile strength. Reference ts made 
in the text to Fig. 13 of Reference 7 
hut without indicating that this figure, 
showing results for mill surface and 
notched steel plates, shows appreciably 
less improvement with tensile-strength 
increase. The author discounts the 
usefulness of the University of Illinois 
flat-plate tests for practical interpreta- 
tion purposes, particularly those of the 
unnotched plates, because of bulging. 
While this needs to be 
interpreting the unnotched plate tests, 
the trend of the Illinois test results ts 
too similar to that reported by Markl 
for bending tests on steel pipe, which 


considered in 


were not subject to similar contour 
change effects and which were carried 
out over a broader range of cycles, 
to be discounted. Tests by Bailey* 


J. J. Murphy and D. B. Rossheim are associated 
with The M. W. Kellogg Co., New York, N. ¥ 


Paper by L. F. Kooistra was published in the 
March 1957 issue of Tue Wetvine Journat, 36, 
Research Suppl., 120-s to 130-s 


SEPTEMBER 1957 


and Lane*® also fit in with Markl’s 
data. We would like to point out that 

1. Granting that cvelic loadings 
must be considered in  pressure-vessel 
design, it follows that a 
which permits effective use of present 


data and knowledge is as essential for 


correlation 


pressure-vessel design and design prin- 
ciples as are nominal design allowable 
stresses As with allowable stresses, 
we can profitably use the best basis 
which can be arrived at to date. 

2. It appears that 
a different correlation 


polished speci- 
mens May show 
than bars having notches, mill surfaces 
or design local strain raisers. 

3. Since cyclic design is concerned 
with the 
surlaces and local strain raisers, the 


presence of notches, mill 
correlation for design purposes should 
lend major weight to the behavior of 
specimens with notches, mill surfaces 
and representative design stress raisers 
rather than polished specimens. 

1, A 


data from specimens which involve such 


correlation associated with 


stress raisers would result in a more 
restrictive but realistic basis for design, 
than one involving polished specimens 
5. It must be appreciated that the 
data on which any present-day correla- 
tion is based is extremely meager; also, 
that fatigue data unavoidably involve 
Accordingly, the 
correlation basis selected must be uti- 


a substantial spread 


lized with a safety factor to take care 
of the data spread, as well as other vari- 
ables. In other words, a correlation 
ean be useful without a high degree of 
precision as associated with specific 
data, provided its use is tempered by 
a realistic appreciation of the data- 
range deviation from the selected base 
line. It is largely for this reason that 
a safety factor of ten 1s common, 
applied to estimated cycles of life in 
present-day design. 

It is our opinion that a correlation 
of fatigue based on some function of 
the tensile strength is entirely usable 
and prov ides a necessary starting point 
for cyclie-life design. A next essential 
is agreement on a basis for integration 
of individual periods of varying opera- 
total as to 


assessment of cumu- 


tion into an integrated 


fatigue demands 
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lative fatigue damage 


As an example of what might be 
accomplished by continued effort to 
establish a correlation of practical use- 
fulness for design, the discussers have 
found that the following empirical 
expression for failure of material con- 
taining notches or similar local strain 
raisers in 100,000 cycles, shows reason- 
Markl’s data for 
steel pipe with welds, Forrest’s' data 


able orrelation Vit! 


ior a W ide variety of materials and also 
Illinois data (provided the stress range 


is multiplied by 1.25 as representing 


4 possibile ‘correlation factor necessary 
to change from the tailure criterion 
used to complete failure 
Allowable strain range (in./in.) Tol 

failure in 100,000 eveles for plate 

vith notches or equivalent stress 


UTS 29 10! 
60.000 XE 


OOLT 


The allowable strain range for un- 
notched mill-surface pipe or plate would 
be approximately 1.5 times the above. 
The square-root correction factor also 
fits in well with the test data reported 
by R. W. Bailey 

The authors have not been able to 
explore this thoroughly, and offer it 
largely to stimulate further study. 
The fact that 


was obtained with Fi 


reasonable correlation 
rrest’s data merits 
attention since this covered many ma- 
iperatures and 
with widely different mechanical prop- 


It was noted that the perform- 


terials at several ten 
erties 
ance of a hole as a stress raiser com- 
pared to a notch, did not show a con- 
stant relation, this formula correlating 
with the lower perlormance ol the two. 


ll. Specific Comments on the 
Author's Presentation 


In the introduction, the author points 
to long and successtul experience with 
the safety factor of four as outmoding 
the former safety factor of five. To 
avoid misunderstanding, it should be 
poimted out that this was accompanied 
by refinement of design detail; such 
refinement is unnecessary for certain 
vhich with simpler 
economically 


services of vessels 
details 


constructed to a safety factor of five. 


would be more 


$P9-s 


4 
Re 
all 
a 
wee 
i 
raisers 
Gate: 


The Code Committee is conscious of 
the fact that construction to the larger 
sulety factor is not now. satisfactorily 
covered by more generous design pro- 

Under “Importance of Plastic Fa- 
tigue Resistance’ it is stated that fa- 
tigue strength has been recognized as 
of relatively minor importance in pres- 
We question this 
failure on other 
than initial application of loading is a 
fatigue failure. It is generally appre- 
clated that a great many failures occur 


sure-vessel failures 


conclusion since any 


at local areas of high stress, which 
areas are of significance from a stand- 
point of establishing the number of 
It is also important 
that the interrelation of corrosion and 


cy cles to failure 


futigue be better appreciated and given 
much more consideration. 

Under “Plastic Endurance’ it is 
stated that for a relatively low number 
of expected cycles (approximately 10,000 
and below), only the maximum strain 
governs. . . Is this not in 
veneral true ot tatigue life regardless 


range 


of the number of eveles to failure? 
Under “Effect of Temperature’ it 
is postulated that the improved fatigue 
ife at elevated temperature is possibly 
increased tensile strength due to strain 
aging. An additional explanation would 
be the effect of temperature in reducing 
the modulus of elasticity and hence 
the elastic strain have 


found that in comparing radically dif- 


range. We 


ferent materials, such as copper, al- 
uminum, cast iron, ete., with steel, a 
correction for the modulus as well as 
for the tensile strength is necessary. 

Under “Application of Fatigue Data” 
it is stated that the model vessel and 
nozzle attachment used at Ecole are 
too small to translate with confidence 
to full-size performance. This point 
deserves careful consideration its 
influence on the interpretation of the 
present tests and similarly in its influ- 
ence on future tests of this kind. 

\t the end of this seetion, it is con- 
cluded that membrane stresses can be 
of the order of one-third of the tensile 
strength without exposing the vessel 
to fatigue failure within 100,000 cycles. 
This statement is based on Table 6 
which involves a strain magnification 
of four. The scope of the investigation 
to date certainly does not justify a con- 
clusion that this is the maximum strain- 
raiser potential of designs which are 
currently acceptable under the Code. 
The author then emphasizes that a 
sautety tactor is not now provided, which 
assures against fatigue failure, and calls 
upon the Code-making bodies to es- 
tablish such a factor. It is our opinion 
that. until sufficient data and guidance 
are fortheoming from the efforts of 
PVRC or industry, there is lacking a 
sufficient quantitative 
fatigue life for such bodies to closely 


assessment of 


130-s 


factor. Also, 
restrictive for 


establish such a safety 
such might be unduly 
lesser cyclic services and unsafe for 
severely repetitive operation. 

Under “Application of Design’ and 
elsewhere in the paper, it is inferred 
that strain-concentration 
be validly determined only experimen- 
tally and essentially for only the geom- 


factors can 


etry and seale involved in specific 
application. We are inclined to doubt 
the validity of this position and believe 
that any such conclusion arrived at with 
respect to the PVRC program to date 
is to be questioned on the basis of many 
other factors. The Ecole model tests 
should be examined closely for correla- 
tion with analytical stress concentra- 
tions, particularly failures at 
It appears to the discussers that, for 
the cyclic pressure range used, the mem- 
brane strain range listed by the author 
is less than the circumferential strain 
the discussers calculate by elastic an- 
alysis. We question how this can be 
so. Also, triaxial strains exist at the 
ID, hence for valid interpretation and 
comparison with other data, equivalent 
strains utilizing the distortion-energy 
theory probably must be used. 

Under “Application to Inspection” 
representative values are tabulated for 
the strain-raising effect associated with 
certain aspects. It should be empha- 
sized that any such values are extremely 
approximate and subject to an appre- 


heads. 


ciable range as associated with minor 
variations in contour and with relation 
to the general stress distribution of the 
structure in which they occur. Rounded 
and sharp radius nozzles may cover 
a wide range of design details with 
proportionate variation in the magni- 
fication in strain inherent to their 
geometry. 

Under “Plastic Endurance vs. Ma- 
terial Characteristics’? there is specula- 
tion as to whether a Lehigh-type speci- 
men with a central hole might be ad- 
vantageously substituted for the al- 
ready used throated section. fa- 
tigue tests in general, including those 
aimed at studying material properties 
alone, it is our feeling that a more 
reliable and wider appreciation of funda- 
mentals and quantitative performance 
will be achieved where data are ob- 
tained from a number of different types 
of specimens, and tests are performed 
on various types of machines, involving 
not only different characteristics, but 
also a variation in the manner in which 
the load is applied. 
ments re-Forrest’s test data.) 

We do not agree with the inference 
advanced by Item 2 under Geometry 
Factors in the Summary. 
ses, such as at the intersection of two 
different surfaces of 
exist around the entire circumference 
and over a substantial area; also, the 
magnitude of local 


(See earlier com- 


Local stres- 


revolution can 


stresses can, in 


Pressure Vessels 


Discussion 


deter- 


many cases, be analytically 
mined, Examples are 
fects, flange-hub stresses, head-knuckle 


While stresses for nozzles 


intersection ef- 


stresses, ete. 
cannot presently be determined analyt- 
ically, it is not a valid assumption that 
general tests could not furnish a satis- 
factory basis for evaluation of the local 
stresses involved and thus avoid spe- 
cifie tests for each application. Per- 
haps it is intended that the wording 
here be associated with the thoughts 
expressed in the main body of the paper 
that specific tests are required. 

From the third item under Geometry 
Factors in the Summary, it might be 
inferred that the magnification factor 
of four is the maximum which might 
be encountered with nozzles of the least 
favorable detail permitted by present 
Code rules, which is not the case 

The interest in pressure-vessel design 
exceeds the limitation expressed in the 
first paragraph in Cycling Conditions 
in the Summary. 
reactor design may involve a combina- 
tion of temperature and pressure stresses 
under which widespread or membrane 
repetitive yielding occurs. Accordingly, 
it is necessary to know the magnitude 
of strain-concentrating factors extend- 
ing into loading conditions where yield 


For example, nuclear- 


stresses may occur as applied to so-called 
membrane areas. This is also true 
of other services for better evaluation 
of the effect of emergency loadings. 


lil. Future Work on Cyclic Effects 

We would suggest the following sub- 
stitute recommendations for continuing 
the investigation of the significance of 
cycle effects on 
behavior. 

1. Make a search of the literature 
on fatigue for contributions not only 
in the field of pressure equipment but 
all fields where materials are used under 
stress. This is to be done with the 
objective of benefiting from any in- 


pressure-equipment 


formation available on the fatigue be- 
havior of materials which are used in 
Included this 
survey should the 
from abroad to the recent Internationa! 
Conference on Fatigue (ASME Annual! 
Meeting, November 1956) and the 
papers relating to the fatigue tests of 
welds structural plate performed at 
the University of Illinois. Of particular 
value would be any data which could 
be secured on wide strain ranges, the 
effect of various stress raisers, the 
effect of rate of loading, the effect of 
specimen details and size and the effect 
of mechanical properties. 

2. Evaluate the information gained 
from Item 1 in conjunction with the 
PVRC tests, and expand the Plastic 
Fatigue Report covered by the author’s 
paper, to reflect as nearly 
the status of present knowledge on 
this subject. Make additional studies 


pressure vessels. 


contributions 


possible 
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and tests as indicated to be necessary 
by the 
and attendant failure in a low or mod- 


Include 


survey tor high stram ranges 


erate number of eveles. low- 


ductility 


3. Perform a 


materials 

study of available 
data to establish a 
consensus ol present-day thinking «as 


he- 


knowledge and 


to the following aspects ol evelie 
havior: 

a Correlation of data with phir sical 
properties and spread of data as re- 
lated to the criteria selected. In par- 
ticular determine whether fatigue life 
in certain ranges is more validly related 
directly to the tensile strength or to the 
square root of the tensile strength, or 
similar function of a tensile 
The author’s Table 6 sug- 
align 


some 
property 
which 


allowable stresses 


with tensile strength 


gests 
closely Section 
I of this discussion indicates a square- 
root relation may be more indicative ot 
actual performance in the presence of 
the expected stress raisers 


AUTHOR’S CLOSURE 


\lessrs. Murphy and Rossheim’s 
comments reflect the 
amount of work and thinking they have 
done on the subject of codifying allow- 
able pressure 
vessels and piping a field 
of broader scope and complexity than 
plastic fatigue, and to reply in detail, 
I am sure, would confuse and bury the 


tremendous 


stresses and strains in 


They cove! 


rather simple message of the paper. I 
will. therefore, touch upon only a few 
of the pertinent Messrs 
Murphy and Rossheim feel that plastic 


comments. 


fatigue can be correlated with tensile 
strength. This appears possible onl) 
at the higher number of life cycles 
At the lower number of life cycles 
NV < 10.000 eveles) the initial tensile 


characteristics have no effect at all 


on the allowable strain. 
With 


increasing magnitude of the 


strain, the effect of TS approaches the 


probably 
the dis- 


vanishing This is 
reflected in the suggestion ot 


point. 


based on 


cussers 


meager data available to use the square 


correlation of the 


vilable informa 


h Assemble all ay 


tion on the effect of welds with o1 


without heat treatment or thermal stress 


relief ands for imations suriace 
finish and for the various types of de 
fects 


present-day verification 


Assess 


of the effect of mean stress, in particular 


in the 
d Assess whether a 


poss ye 


plastic range 
common Cor- 
both polished 


bars, and for not hed and mill surfaces 


relation 1s 


or whether separate correlation bases 
are necessary. 

Asa 
the 


where additional information is required 


a survey to 
behav 


next step make 


aspects of hie 


and establish 


an organized 


long-range planning for 
logical 
approach in augmenting the background 


this field. This 


and sequential 


data in would 
include 

a The 
ductility with time and temperature. 
b) For 


and 
significance of short-time 


high-temperature 


The use of a trac tional 
the 
Indications are that, depending 


root of the TS. 


power diminishes influence of a 


tactor. 
range chosen, it will 


on the eveling 


be possible to produce data to show the 
effect power at the 
low-cycle the high 
This 


TS 


of TS from a zero 


range to unity at 
conventional fatigue. 

variation of the effect of 
renders it of verv doubtful 


range ol 
broad 
TS? to TS! 
a true parameter and serves 
the difference 


conventional fatigue 


value as 
to show between plastic 
ind 

If we are to utilize the plastic strength 
it is there- 


measuring 


ot pressure-vessel materials 


fore necessary to develop a 
stick that is pertinent to the character- 
istie we want to measure in the same 
provided for other 


the 


manner as has been 


material characteristics past 


such as the hardness test, the impact 
test, the creep test It appears there- 
fore, quite logical that in order to de- 
termine the plastic strength of a ductile 


we should measure its plastic 


This 


material 


endurance should preferably 
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Table 1—Comparison of Calculated and Experimental Strains 


Erternal s irface 


Circumferential stra 
Calcu- Expert 
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all of the phases will require full-time 


Table 2—Comparison of Calculated and Experimental Stresses effort and more financial support than 
External surface is generally realized to be necessary by 
Circumferential stress, pst Longitudinal stress, psi those not familiar with the cost of re- 
VMazrimum — Caleulated Calculated search and several times more than has 
eyclic stress® Expert- stress* Experi- been made available to PVRC 

pressure, J Lame mental (Lame nee ntal To make full use of the plastic 
Vessel strength of the pressure-vessel structure, 
G(A-201 $675 27, 800 27, 750 13,800 14,600 we have to know the plastic endurance 

Hi A-201 3300 25,000 25,500 12,400 13,200 
L( A-302 6800 51500 53.200 25, 600 25, 800 of the material of construction and the 
M(A-302 5700 13,200 13, 600 21,400 23,200 plastic behavior of materials at points 
P( A-302 1950 37,500 39, 400 18, 600 19, 900 of strain concentration. Simple, per- 
tinent tests must be developed to give 
*Nore: Assuming wall thickness is exactly °/,in., ID = 12 in., OD = 13'/s in. and a measure of these characteristics. The 
neglecting slight fexure in middle of shell due to its length not being infinite. work of PVRC reported here is the first 

step toward this goal. 
Extending the work of analytical 
\ number of the suggestions on fu- to described a testing method similar to and experimental stress analysis into 
ture work are in line with what has the one used at Lehigh and _ limited the plastic range on specimens repre- 
already been done. A search of the data on two steels. sentative of full-size vessels, will give 
literature has revealed an almost com- The task of investigating a complex a measure of plastic endurance = re- 
plete lack of data on low-cycle fatigue. problem of this type is to condense quired by various design components. 
The ASME International Conference from the many things that should be From these data the full range of ca- 
on Fatigue vielded Reference 12 of the done, those that are most pertinent pability of the material and the struc- 
paper, which was valuable information. and can be done with the limited funds ture in a vessel can be determined with 
The paper by R. W. Bailey referred available. A comprehensive attack on a realistic margin of safety. 


RESULTS OF SOME BRITTLE FRACTURE TESTS from page (28-») 


fracture stress. A plastic zone was transition temperatures, which were 
observed at the root of the notch where +43 and —4° F. These results con- 
fracture started. The lower the tem- firm the importance of eliminating 
perature, the smaller was the plastic notches in highly stressed structures. 


Table 3—Transition Temperatures De- 
termined for Cross-Shaped Specimens 


zone, Temperature at (d) Three structural steels (60,000 
(b) Robertson tests made with bi- which fracture 71,000 psi tensile strength) were tested 
axial stress showed that the Robertson- changes from as crosses with sharp corners, Table 4. 
arrest temperature was the same as os ; brittle to The brittle + ductile fractures started 
under uniaxial stress. Type of corner ductile, ° F brittle, but beeame ductile before 
(c) A comparison of four types of Sharp LOW) to +111 final failure. The Charpy V-transition 
stress raisers, Fig. 3, was made in two Notched +86 temperatures class these steels in the 
steels °*/, in. thick having a_ tensile Rounded below +45 same order as the cross test. 
strength of 60,000-71,000) psi. The Artificial defect +18 to +70 These tests show that notches or 
results are given in Table 3. In general Sharp, but high qual- notch-like defects favor brittle failure 
the transition temperatures are less ity steel +14 to +382 and that residual stresses magnify 
favorable than the Charpy V-15 ft-lb the effect of defects. 


Table 4—Cross-Shaped Specimens of Three Structural Steels 


Transition Temperature of 
femperature, t Test, Fracture stress, Elongation, 

Steel* F Vanufac ture psi Type of fracture 
C15 i Open hearth 72 62,500 5.10 brittle 

C15 it Open hearth 57,000 5.10 ductile 

C15 14 Open hearth 31 53,500 5.04 ductile 

C15 Open hearth 52,500) 1.50 ductile 

B15 +19 Basic Bessemer +27 12,000 2.10 brittle 

BI5 +19 Basic Bessemer +4] 39 000 1.90 brittle 

BLS +19 Basic Bessemer +46 38,500 3.42 brittle + ductile 
BLS +19 Basie Bessemer +59 $1,500 3.08 brittle + ductile 
B20 +50 Basic Bessemer +72 14,000 2.28 brittle 

B20 +50 Basic Bessemer +82 15,000 2.05 brittle 

B20 +50 Basic Bessemer +91 12,000 105 brittle + ductile 

*15 = 0.59 in. thick; 20 = 0.79 in. thick. +15 ft-lb Charpy \ 
132-s Discussion — Pressure Vessels WeLping RESEARCH SUPPLEMEN1 
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lower machine settings, reducing current consumption and power costs. 


SEE YOUR LOCAL WELDING SUPPLY DISTRIBUTOR 


ARC WELDING ELECTRODE 
CLAMPS, CABLE CONNECTORS, 
UMINUM WELDING CABLE 


Write for FREE Catalog 
picturing complete line of 
Arc Welding Accessories 
ond TWECO.-LITE Aluminum 
Arc Welding Cable. 


BOSTON AT MOSLEY e WICHITA, KANSAS, U.S.A. 
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Manufacturer of heat treating equipment using an Airco 
machine welding installation to fabricate all-sheet alloy 
radiant furnace tubes used in annealing furnaces. The 


Airco’s Machine Welding Department can 
relieve you of many of the problems involved 
in installing an automatic welding operation in 
your plant. This welding-and-engineering serv- 
ice custom engineers automatic welding opera- 
tions to your product design. Airco designs, 
constructs and installs all welding machine tools. 
Airco selects the most suitable welding equip- 
ment for the job, supervises installation, works 
out “bugs,” and trains your employees in the 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND... Sas 


Air REDUCTION SALES COMPANY 


“package” includes all welding equipment, fixtures and 
controls tailored to specifications to produce welds auto 
matically of the size, quality, type and speed required 


PACKAGED MACHINE WELDING 


operation of the equipment. You get a com- 
pletely engineered “package.” 
Airco accepts full responsibility until the 
system is operating to your complete satisfac- 
tion. Airco’s Machine Welding Department has 
already completed over 36 projects covering a 
wide range of automatic welding operations. 
For more information, write to J. H. Berryman, 
Machine Welding Department, at the address 


below. 


= 


On the west coast 
Air Reduction Pacific Company 


internationally — 
Airco Company Internationa! 


In Cuba—_ 
A division of Air Reduction Company, Incorporated Cuban Air Products Corporation 
8 150 East 42nd Street, New York 17, N. Y. In Conada— , 
ir Reduction Canada Limite 
most principal cities 
roducts of the divisions of Air Reduction Company, Incorporated, include: AIRCO — industrial gases, welding and cutting equipment, and acetylenic chemicals » PURECO 
- carbon dioxide — gaseous, liquid, solid {‘DRY-ICE’’) HIO — medical gases and hospital equipment * NATIONAL CARBIDE pipeline acetylene and colcium 
arbide « COLTON — polyviny! acetate, alcohols, and other synthetic resins 
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